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Foreword 


AVRAM M. COOPERMAN, M.D., 
Guest Editor 


The last symposium on peptic ulcer disease in Surgical Clinics of 
North America was published in 1971. Although there has been steady if 
unspectacular progress in the treatment of this disease since 1881, truly 
new concepts and methods of both medical and surgical treatment have 
emerged in the past 5 years. 

The incidence of peptic ulcer disease is decreasing, but the etiology 
and pathogenesis remain largely unknown. Even the natural history 
characterized by exacerbations and remissions is not well understood. 
Hopefully this new knowledge will provide a more scientific basis for 
medical and surgical treatment. 

The limitations of conventional treatment including diet, antacids, 
and anticholinergics are well known to ulcer patients and their physi- 
cians. However, the isolation and use of histamine (H,) receptor antag- 
onists has for the first time provided a potent, promising, and simple 
regimen for ulcer patients, apparently without significant side effects. 
These drugs, metiamide and now cimetidine, effectively reduce gastric 
secretion and permit healing of most duodenal ulcers, even in some pa- 
tients with the Zollinger-Ellison syndrome. Perhaps the era preceding 
the release of cimetidine (if it proves as effective as hoped) will in the 
new ulcer theology be called B.C. (Before Cimetidine). B.C. is not to be 
regarded as an irreverent comparison, but as-a means of emphasizing the 
revolutionary potential of this drug. 

As improved medical treatment becomes available, it will become 
more important for surgeons to assess their results with great objectivity, 
because referring physicians will be even more reluctant to subject their 
patients to ulcer operations. 

An operation based on physiologic principles that minimally alters 
gastric physiology has created considerable interest. 

Johnston, Goligher, and Andrup have made American surgeons 
aware of the possible advantages of proximal gastric (highly selective) 
vagotomy. Its position in 1976 is summarized in this volume both by its 
practicing advocates and by experienced surgeons who have witnessed 
several other ulcer operations come and go. 
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In this volume methods for testing the completeness of vagotomy 
are reviewed. “Facts and heresies” about vagotomy are also summarized. 

Over the past 5 years, postvagotomy and postgastrectomy sequelae 
have been separated so that some syndromes (alkaline reflux, dumping, 
and diarrhea) can be treated more effectively when necessary. 

The use of angiography in the diagnosis and treatment of bleeding 
duodenal ulcers has become available and popular during the past 5 to 
10 years. Surgeons can now utilize endoscopy and angiography for the 
location and control of acute ulcer hemorrhage. 

The contributors to this symposium are physicians and surgeons 
interested in peptic ulcer disease. Some are internationally known and 
their wisdom and experience are accurately recorded. Others, perhaps 
less well known but equally interested, have thoughtfully summarized 
their topics. 

The atmosphere and staff of the Mayo Clinic first stimulated my 
interest in ulcer disease and gastrointestinal physiology, particularly 
Charles Code, Keith Kelly, John Kirklin, James Priestly, and George 
Hallenbeck. Subsequently, my colleagues, Stanley Hoerr and George 
Crile, Jr. have continued to question and stimulate my thinking. I thank 
all of these men. 

I offer my thanks to each contributor for the quality of his paper and 
for meeting the assigned deadline (or by not missing it by too much). 
My gratitude is extended to my severest critics; my wife Jacqueline, who 
edited my editing of each manuscript and to Rita Feran, publications 
editor of the Cleveland Clinic, who painstakingly re-read and re-edited 
each manuscript. To Renee Gutman who traced the earlier references I 
extend gratitude. The secretarial assistance of Mrs. Carrie Harris is ap- 
preciated as well. 

Finally, my thanks to the Surgical Clinics and its editor Mr. Paul 
Dolgert for the opportunity to present this material. 


AvRAM M. CooPpERMAN, M.D. 
Guest Editor 


Cleveland Clinic Foundation 
9500 Euclid Avenue 
Cleveland, Ohio 44106 
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PATHOGENESIS AND MEDICAL TREATMENT OF 
PEPTIC ULCER DISEASE 


“The significance of an ailment should not be measured by the incon- 
venience it causes at the time, but by what may come of it four or five 


years afterward.” 
Charles H. Mayo, Proc. Interstate Postgraduate M.A. North America, Oct. 
19-23,1931, pp. 245-248. 


“In medical progress the means of relief by therapeutic measures or 


surgery have far outstripped our knowledge of the cause of disease.” 
Charles H. Mayo, Ann. Surg., 7:123-217, 1920. 


“Unfortunately only a small number of patients with peptic ulcer are 


financially able to make a pet of an ulcer.” 
William Mayo, J.A.M.A., 79:19-22, 1922. 
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The Natural History of Duodenal Ulcer 
Disease 


George A. Hallenbeck, M.D.* 


The phrase “duodenal ulcer” is self-explanatory. Most duodenal 
ulcers occur in the duodenal bulb, the part just beyond the narrow 
pyloric channel through which gastric contents enter the duodenum. 
Duodenal ulcer that develops in people usually heals, and there may be a 
few individuals who never get another. Most patients, however, have 
ulcers recur over the years, some often and some infrequently. We can 
speak of these as having the “duodenal ulcer diathesis,’’ a phrase that 
reminds us of the chronicity of the disease but tells us nothing about its 
pathogenesis. Some ulcers occur distal to the duodenal bulb, some in the 
pyloric channel proximal to it, and some large ulcers spill over into the 
gastric antrum. Presuming that these share a common if incompletely 
understood pathogenesis, we may lump them together conveniently as 
expressions of “duodenal ulcer disease.” 

It is hard to believe that duodenal ulcers have not been with man 
throughout his history, but although gastric ulcers were described often 
in the early literature, duodenal ulcers received little attention until the 
20th century. Wilbur?* notes that John Abercrombie of Edinburgh de- 
scribed duodenal ulcers and their symptoms quite clearly in 1828, but 
when Perry and Shaw reviewed 1765 autopsies performed at Guy’s Hos- 
pital from 1826 to 1892, they found active duodenal ulcers or duodenal 
scarring mentioned in only 0.4 per cent. 

As asepsis and improvements in anesthesia made abdominal 
surgery feasible, intra-abdominal lesions began to be seen at earlier 
stages of development and surgeons could correlate clinical with patho- 
logic findings. Moynihan in Leeds and the Mayos in this country were 
among the first to take advantage of this opportunity in the case of pep- 
tic ulceration, and to Moynihan"® goes much of the credit in the first dec- 
ade of the 20th century for calling attention to the apparently increasing 
frequency of duodenal ulceration and for emphasizing the clinical 
sequence of pain-food-ease, the frequent similarity of pain to hunger, 
and the tendency to remissions and exacerbations. Whatever the situa- 
tion may have been previously, duodenal ulcers have exceeded chronic 
gastric ulcers in England and the United States of America in the 20th 
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century by about 4 to 1. Some reports from Scandinavia, such as that of 
Norbye in 1952, however, show that in Norway from 1926 to 1940, the 
ratio of the duodenal to gastric ulcers in men was only 1.95 to 1, and in 
women, 0.77 to 1. 


~ 


INCIDENCE AND PREVALENCE 


Walker, summarizing British autopsy data collected by Watkin- 
son,’ information from a private practice in Britain,’ a United States 
National Health Survey based on a sample of 235,000 people,' and a sur- 
vey of physicians in Massachusetts," found the annual incidence of ac- 
tive duodenal ulcer to be 2 per cent of males and 0.5 per cent of females 
aged 30, and 3 per cent of males and 1 per cent of females over 40 years 
of age. 

Duodenal ulcers come and go in individuals, hence the prevalence, 
ie., the percentage of population with active or inactive disease, is 
higher, rising gradually to about 10 per cent in males at 50 years of age 
and to about 4 per cent in females who have reached 40 years of age. At 
least this seems to have been a fair approximation of the case in indus- 
trialized countries up to about 1960. Recently, studies by Susser?! and 
by Meade and associates" in England and by Mendeloff"™ in the United 
States show the incidence of duodenal ulcer disease to have declined in 
these countries by 40 to 50 per cent. The meaning of all this is unclear, 
and one could wish, as Mendeloff does, for better record keeping and a 
better national system for relating clinical data to population analysis 
and retrieving results promptly, but the news will not surprise many 
who think they are not seeing as many new duodenal ulcers as they did 
10 to 15 years ago. 


CLASSICAL UNCOMPLICATED DUODENAL ULCER DISEASE 


The patient, rarely in his teens, fairly often 20-29, and most fre- 
quently 30-39, 40-49, or 50-59, develops dyspepsia with certain charac- 
teristics obtainable through history alone that permit duodenal ulcer to 
be suspected with a high probability that the diagnosis will prove to be 
correct. 

There is visceral pain, epigastric in location, deep and usually in the 
midline, sometimes just below the xiphoid process, and sometimes at 
various levels between that point and the umbilicus. Despite the fact 
that visceral pain is usually poorly localized, the patient often indicates 
the site of his duodenal ulcer pain with one finger. He may not think of 
it as pain and may use any of several words, such as aching, burning, 
gnawing, boring, a hungry feeling, or just that old catch-all, “gas,” to 
describe it. It is important to discover the patient’s code word for the dis- 
comfort early in the interview to establish communication about it, but 
the name of the pain is less important than its characteristics. 
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This pain comes and goes, relieved temporarily by eating, and reap- 
pearing 2 or 3 hours later when the buffering effect of food on gastric 
contents has been overcome by acid secreted in response to the meal. 
Often gastric pH decreases during the night, fairly early if the patient 
goes to bed without eating a bedtime snack and later if he drinks milk or 
eats lightly before retiring, and though he goes to sleep he may be 
wakened by pain. By morning, enough time has passed since the last 
feeding that gastric acid secretion is reduced, and pain that occurs 
before breakfast is unusual enough to cast doubt on the diagnosis of 
duodenal ulcer disease. 

The pain is also relieved promptly, though temporarily, by antacids, 
a fact picked up by all but the least discerning patients in this day of na- 
tional advertising, and when one is trying to learn what makes the pain 
better, he must remember to ask about the many antacid preparations 
sold over the counter as well as those that might have been prescribed. 

Lastly, the ulcers form and heal, and the symptoms thus come and 
go, sometimes lasting only a week or so and sometimes several weeks. 
This periodicity, as it is called, is an important diagnostic feature that 
can be elicited in most cases if it is sought. One of the mistakes made by 
students beginning to learn about ulcer disease is to accept without 
question the patient’s statement that he got sick “last Tuesday,” thereby 
missing 25 years of recurrent dyspepsia. 

Thus, the diagnosis of typical duodenal ulcer disease is, as usual, a 
matter of pattern recognition. Once one hears enough to think of 
duodenal ulcer disease he asks, with great care not to salt the mine, the 
proper questions to learn whether his patient does in fact have epigas- 
tric pain when he has not eaten for a few hours, pain that is relieved by 
food or antacids, that may awaken him from sleep at night, and that 
occurs periodically in spells of a week or more rather than continuously 
or for just a few hours or a day at a time. 

The severity of the duodenal ulcer diathesis varies considerably 
from patient to patient. In some, attacks of ulcer pain are infrequent 
with years between episodes; in others, the disease behaves more 
aggressively with attacks occurring several times a year, lasting longer, 
and with complications appearing early in the course of the disease. In 
six of seven studies published between 1932 and 1971 and collected by 
Palmer,’® the disease recurred within 5 years in from 64 to 86 per cent 
of cases; in the remaining study, in 46 per cent of cases. The natural 
history of the disease is not known well in quantitative terms, but 
broadly speaking, about 75 to 80 per cent will have recurrent symptoms 
within 5 years after the first documented episode of duodenal ulceration 
and, although the disease often seems to wane as patients grow old, this 
is by no means always the case, and active aggressive ulcers are often 
seen in the elderly. I think patients should be informed after their first 
diagnosed attack that they probably will continue to have a tendency to 
form duodenal ulcers. Armed with this knowledge, they can often recog- 
nize recurrence early and, by initiating a simple medical regi- 
men-—cleaning up their act, so to speak—avoid much of the discomfort 
that would otherwise have been present during the healing process. 
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VARIATIONS ON THE THEME 


Asymptomatic Ulcers 


Acute perforation of duodenal ulcers or bleeding attributed to duo- 
denal ulcer occurs in patients who deny any previous ulcer-like symp- 
toms. This, plus the occasional finding of radiologic evidence of duo- 
denal ulceration or deformity of the kind usually seen after duodenal 
ulceration in patients without an appropriate history, indicates that in 
some people duodenal ulcers may be asymptomatic. Whether this phe- 
nomenon results from indifference to or an unusually high threshold to 
pain or to undetermined physiologic variations in perception of pain is 
speculative. In any case, lack of an ulcer history does not exonerate pep- 
tic ulceration in evaluation of the patient with a spontaneously per- 
forated viscus or with upper gastrointestinal bleeding. 


Altered Pain Pattern with Chronic Perforation 


When duodenal ulcers penetrate through all layers of the duodenum 
so that the base of the ulcer becomes the pancreas, liver, or biliary tract, 
somatic pain usually appears that is often referred to the lower thoracic 
and upper lumbar region in the back and sometimes to the right upper 
quadrant of the abdomen. This pain is less completely and more briefly 
relieved by food and antacids than is the visceral pain of duodenal ulcer- 
ation, and periodicity of symptoms often disappears because such ulcers 
heal slowly, if at all. These penetrating ulcers commonly are among 
those so intractable to nonsurgical management that operation is in- 
dicated. 


Postbulbar Duodenal Ulcers 


In probably no more than 3 or 4 per cent of cases, ulcers occur in 
the distal third of the first portion of the duodenum or even in the sec- 
ond portion. Often such ulcers are missed in the first gastroduodenal 
x-ray examination and found only later by repeated radiologic, or com- 
monly nowadays, by endoscopic means. The atypical location should 
make one check for Zollinger-Ellison syndrome, but most patients with 
single postbulbar ulcers in the duodenum will have variants of the ordi- 
nary duodenal ulcer diathesis. These ulcers may have symptoms similar 
to those of patients with ulcers in the duodenal bulb, but in many the 
pain may be in the right upper quadrant and the back, pain at night is 
unusually frequent, response to nonsurgical treatment is poor, and the 
incidence of bleeding and obstruction is high. The surgeon, looking for a 
source of bleeding or for an organic cause of vomiting, should not forget 
postbulbar duodenal ulceration when more obvious causes are not 
found, because these lesions, when small, can be overlooked easily. 


Pyloric Channel Ulcers 


The narrowest part of the gastric outlet, surrounded by the pyloric 
sphincter and extending from the beginning of the duodenum proximally 
for 1 to 2 cm, can usually be well demonstrated radiologically and may 
be the site of peptic ulceration. Although pyloric channel ulcers may 
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behave symptomatically like duodenal ulcers, they are often less respon- 
sive to the palliative effects of diet and antacids. Indeed, eating may ac- 
centuate the discomfort which is best relieved by vomiting. Symptoms 
persist longer and recur more often than with most ulcers of the duo- 
denal bulb. As a result, pyloric channel ulcers tend to require surgical 
treatment earlier than the average bulbar duodenal ulcer.” !7 2 


Gastroduodenal Ulcers 


Sometimes larger ulcers involve the entire gastroduodenal junction 
and these, by virtue of pyloric obstruction, bleeding, or failure to heal 
often require surgical treatment. In other cases separate ulcers may be 
present in the duodenum and in the prepyloric area, and the sequence 
here is often one of repeated duodenal ulceration occurring to the point 
of incomplete pyloric obstruction with the prepyloric gastric ulceration 
following. 

It is important to recognize that gastric ulcers occurring in this set- 
ting are part of the duodenal ulcer diathesis. When surgical treatment 
becomes necessary it should be that for duodenal ulcer disease, avoiding 
hemigastrectomy with gastroduodenostomy unless vagotomy is done 
because although gastric resection alone with the Billroth-I reconstruc- 
tion is a good procedure for primary gastric ulcer, it is followed by a high 
recurrence rate when used for duodenal ulcer disease.” ”° 


COMPLICATIONS OF DUODENAL ULCER 


Since we consider that surgical treatment is indicated not by the 
mere existence of duodenal ulcer but by the development of one or more 
of its complications, a review of these complications is in order. 


Bleeding 


Ivy and associates'® reviewed the literature extensively and con- 
cluded that bleeding occurs in 25 per cent of patients with duodenal 
ulcer who are admitted to hospitals. Walker,?° reviewing four extensive 
studies,* * 12°18 considered it reasonable to assume that 15 to 20 per cent 
of patients with gastric ulcer will have had at least one hemorrhage dur- 
ing 15 to 25 years of follow-up. Such figures tell us that manifest bleed- 
ing is common but do not relate its prevalence to the duration of the 
disease. Stolte?’ in Amsterdam charted the dates of onset of ulcer symp- 
toms and of the first manifest bleeding in 333 patients with duodenal or 
gastric ulcers and found that the percentage of patients who had bled at 
least once to some degree, great or small, increased steadily from about 
37 per cent at 5 years to 86 per cent at 30 years! Whether the behavior of 
duodenal ulcers in the United States today would be similar we cannot 
say, but the data do emphasize the persistent nature of the duodenal 
ulcer diathesis mentioned before. 

It is commonly taught that some patients with duodenal ulcer are 
more likely to bleed than others and may bleed again and again. Data 
from many reports support this observation in a general way.’ Chinn et 
al.t determined the risk of subsequent bleeding in 310 patients with 
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duodenal ulcer who had their first hemorrhage at the University Hospi- 
tal in Cleveland. The risk of subsequent bleeding increased gradually 
from about 23 per cent after 3 years to 48 per cent at the tenth year. The 
chance of having a second hemorrhage was not affected by age, al- 
though bleeding is more often lethal in the aged than in younger people. 
Looking at the data another way, one can say that about one-third of 
duodenal ulcer patients who had bled once previously, bled again within 
5 years; and about two-thirds of those who had bled twice previously 
had a third hemorrhage within 5 years. 

In general, the data support the propositions that gross bleeding of 
some degree is common among patients with duodenal ulcer and that 
some patients have a predisposition to hemorrhage, the cause of which 
is not understood. 


Acute Perforation 


When ulcers extend through the entire wall of the duodenum rap- 
idly enough that the resulting opening cannot be sealed by adhesions to 
surrounding structures, duodenal contents leak into the peritoneal cavi- 
ty, causing the familiar sudden onset of severe and usually generalized 
abdominal pain, prostration, abdominal rigidity, and pneumoperiton- 
eum. Sites of free perforation are determined by the anatomy of the 
duodenal bulb and are primarily anterior rather than posterior, where 
the duodenal bulb is protected by its attachment to the pancreas. 

The reported prevalence of acute perforation in series of patients 
with duodenal ulcer disease varies remarkably in different parts of the 
world, as Haubrich® has pointed out, but ranges from 5 to 10 per cent in 
this country. It has been estimated that about 7.5 per cent of acute free 
perforations occur in patients who give no history suggestive of pre- 
vious duodenal ulceration.”* 

Once free perforation of a duodenal ulcer has occurred and been 
closed surgically, about 70 per cent of patients have further trouble with 
ulcer symptoms later. In the experience of Jordan, Debakey, and Dun- 
can,'° the figure was 73 per cent of 63 patients, 22 of whom sub- 
sequently underwent definitive operation. They, like others, have often 
used simple closure for patients who give no previous history of ulcer 
symptoms, but they note that even among these patients, half have had 
recurrent symptoms. I think it makes sense to base surgical decisions on 
the assumption that acute perforation is evidence that an aggressive 
ulcer diathesis is present, and to carry out a definitive operation when, 
with all factors considered, the risk is expected to be low. 


Obstruction 


Pyloric obstruction may have many different causes. We are con- 
cerned here with that caused by duodenal ulcer. Obstruction has been 
reported to occur in about 10 per cent of patients hospitalized for 
duodenal ulcer disease.”° 

Usually obstruction is preceded by a long and classic history of the 
disease: ulcers in the narrow pyloric channel may cause obstruction ear- 
lier. Vomiting, the most common symptom of pyloric obstruction, con- 
stitutes a change in the symptoms, dominating and sometimes replacing 
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ulcer pain. Eating, which formerly gave some relief, may now cause dis- 
comfort in the form of unpleasant fullness to be relieved by vomiting. 
Relief after antacids is less complete than formerly. Because eating is 
followed by distress, intake of food tends to decrease and, of course, 
some is lost by vomiting. Loss of weight results. If the rate of develop- 
ment of obstruction is slow, the patient may gradually develop gastric 
dilatation and atony, and finally a huge, edematous, thick-walled stom- 
ach that may accommodate such volume that vomiting occurs only once 
or twice in the evening, the patient having been fairly comfortable in 
the morning and filling gradually to discomfort as the day progresses. 
Especially in these cases, the patient may recognize in the vomitus food 
eaten 24 or more hours previously. 

Losses of water, sodium, potassium, and chloride lead to decreased 
extracellular fluid volume with hypochloremic, hypokalemic alkalosis 
which must be corrected before an operation is considered. 

Duodenal ulcer disease causes pyloric obstruction by a combination 
of edema associated with acute inflammation, spasm, and permanent 
narrowing due to fibrosis. When edema predominates, obstruction may 
recede after 2 or 3 days of nasogastric suction, during which time the 
metabolic alkalosis is corrected by intravenous administration of water 
and appropriate electrolytes, and remission of obstructive symptoms 
may occur. When fibrosis predominates and obstruction is of long stand- 
ing or when reasonable attempts to get large duodenal or gastroduo- 
denal ulcers to subside fail, surgical treatment is necessary. 


Intractability 


Intractability is often the most frequently given indication for surgi- 
cal treatment of duodenal ulcer. At first glance, it is easy to define: fail- 
ure of the ulcer to be controlled to a degree that permits a satisfactory 
life despite standard medical treatment. The term fits well the deep pos- 
terior penetrating ulcer with a scarred base that, one can imagine, 
provides little vascular support for tender epithelium that may from 
time to time try to cover it. Large gastroduodenal ulcers causing in- 
complete pyloric obstruction, pyloric channel ulcers, and postbulbar 
ulcers also may lose the periodicity that comes from intermittent heal- 
ing, and in these cases the patient’s life revolves about nearly continu- 
ous ulcer activity. Ulcers of these kinds constitute a large percentage of 
those judged intractable and thus surgical. 

The designation, intractable, remains subjective, however, and may 
be interpreted to include inability or unwillingness to follow an orderly 
life that might permit control of symptoms. The decision to recommend 
surgery on the basis of intractability is an important one. There is evi- 
dence that people with character neuroses, alcoholism, and little stimu- 
lus to become involved in life and work tend to get poor results from 
surgical treatment."! 

Finally, we may ask what percentage of unselected patients with 
duodenal ulcer come to need surgical treatment? Figures of 15 to 20 per 
cent are quoted commonly, but these are usually selected in the sense 
that they belong to a large group that had enough trouble to get diag- 
nosed. We really don’t know what the denominator is, but I suspect that 
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the true percentage of duodenal ulcers that are surgical is much smaller 
than is usually quoted. When a good H-2 blocking drug comes on the 
scene and reaches general use, the figure probably will be even lower. 
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Symposium on Peptic Ulcer Disease 


Facts, Anecdotes, and New Horizons in 
the Medical Treatment of Duodenal 
Ulcers 


Robert F. Barreras, M.D.* 


The treatment of duodenal ulcer disease continues to be based on 
scattered facts cemented together with anecdotes and beliefs. There is 
frequently agreement on the facts themselves, but the way they are ar- 
ranged and the anecdotes used to fill the gaps have led to marked dif- 
ferences in the way duodenal ulcer patients are treated. We know that a 
given antacid will relieve pain and neutralize a given amount of acid, 
and we know that acid is an essential part of the peptic ulcer diathesis. 
We also know that certain antacids can stimulate gastric secretion, 
produce diarrhea, bind phosphate in the gut, mobilize calcium from 
bone, and interfere with the absorption of drugs and nutrients. What we 
are not able to do is to put the facts together in a way that will be gener- 
ally agreed upon. We would like to be able to say that taking an antacid, 
an anticholinergic, or some other agent in a given dose for so many days 
or months will produce benefits in the quality and length of life which 
clearly outweigh the results of not taking the agent at all or taking it in 
some other way. It is rare to be able to make this sort of statement based 
on conclusive data, and it is usually necessary to fill in for the absent 
facts with opinion and belief. 

The same dilemma applies to other medical approaches as well as to 
surgical therapy. We can, for instance, compare the operative mortality 
of different procedures and examine recurrence rates and side effects of 
different operations. However, when we want to know whether a given 
elective operation clearly improves the quality and duration of life when 
compared to other operations or no operation, the inadequacy of the 
facts becomes very apparent. It is not for lack of effort that our informa- 
tion is incomplete, and studies are underway to try to answer the 
remaining questions. Proposals for altering our current state of igno- 
rance have been examined in detail in a recently published paper.’ 

Before evaluating the status of medical therapy of peptic ulcer, let 
us look at some new developments and then proceed to the issue of the 
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failure of medical therapy (intractability) and to an examination of some 
reasons why it appears so difficult to know just how good (or bad) a 
given treatment scheme may be. 


NEW HORIZONS 


The most promising development in the management of peptic 
ulcer disease has been the discovery of a new class of drugs, the antago- 
nists of the H,-receptors of histamine. Several other drugs are also being 
evaluated and advances in endoscopic and angiographic techniques ap- 
pear to hold promise for the control of bleeding. Extensive prospective 
trials of some of the conventional medical therapies are in progress and 
may finally provide more definitive answers about the effectiveness and 
hazards of the older methods of managing peptic ulcer disease. 


Antagonists of the H,-Receptors of Histamine 


When the first class of histamine antagonists was developed about 
30 years ago, it soon became apparent that they were capable of block- 
ing some effects of histamine such as allergic edema and itching. How- 
ever, these older antihistamines were totally ineffective in controlling 
some other effects of histamine, including the stimulation of gastric 
secretion. The persistence of J. W. Black and his colleagues has led to 
the development of a new group of drugs which block the effects of his- 
tamine on the stomach. We assume that since there are two kinds of 
histamine antagonists, there must be two kinds of histamine receptors. 
The first kind of receptor is called H' and is antagonized by the familiar 
antihistamines such as dyphenhydramine (Benadryl) and chlorphenira- 
mine. The second kind of histamine receptor, the one responsible for 
gastric secretion is called an H, receptor, and this is blocked by the new 
class of antihistamines of which metiamide and cimetidine have been 
studied most extensively. Unfortunately, metiamide, the first oral 
preparation tested, has led to instances of agranulocytosis, a problem 
believed to be related to the thiourea group in this drug. A newer oral 
agent, cimetidine, does not contain a thiourea group and so far has been 
free of side effects. These agents are not yet marketed in this country. 
Extensive clinical trials are underway, and enthusiasm for cimetidine is 
great, to say the least. Cimetidine blocks the effects of all the stimuli of 
gastric secretion such as gastrin, feeding, and hypoglycemia. It is 
believed by many that the introduction of these drugs will revolutionize 
the management of peptic ulcer disease. 


Prostaglandins 


Since the discovery, in the 1930s, of biologically active fatty acids 
from the prostate gland (hence the name prostaglandin), it has become 
clear that similar substances appear in practically every tissue and fluid 
in the body. Minute amounts of these local hormones are capable of al- 
tering almost every biologic function, and they are produced in response 
to a wide spectrum of stimuli. Prostaglandins of the types known as E, 
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and E, (PGE, and PGE,) inhibit basal as well as histamine, pentagastrin, 
and meal-stimulated gastric secretion in man. Analogs of these pros- 
taglandins which can be taken orally have been developed. They are 
under study, and preliminary reports suggest that the oral forms do in 
fact inhibit gastric secretion’® and may accelerate the healing of peptic 
ulcer.® Because the spectrum of biologic activity is so broad for these 
compounds, we will need much more information on side effects as well 
as the necessary controlled therapeutic trials of efficacy before deciding 
whether or not to endorse them. 


Other New Drugs 


Other agents which have aroused interest but are not yet available 
or not widely used include gastrointestinal hormones, carbenoxolone, 
and bismuth. These agents merit study and have been reviewed re- 
cently, but their usefulness and safety remain to be demonstrated.® 


Endoscopic Advances 


The management of gastrointestinal hemorrhage has been chang- 
ing as a result of the expanding capabilities of endoscopic instruments. 
The improvement in diagnosis is well established, but recent advances 
in what can be done through a fibreoptic instrument have been decreas- 
ing the number of uncontrollable hemorrhages, and the future looks 
even brighter. It is becoming possible to control bleeding with elec- 
trocautery as well as with the topical application or transmucosal injec- 
tions of hemostatic agents. Photocoagulation of bleeding lesions with 
laser beams is being studied. These techniques have been reviewed 
recently." 

The use of selective angiography for identification as well as control 
of upper gastrointestinal bleeding is effective and becoming increas- 
ingly available. 


INTRACTABILITY: THE FAILURE OF MEDICAL 
MANAGEMENT 


A small group of patients with duodenal ulcer disease fail to respond 
to all reasonable medical measures and the disease or its treatment 
disrupts the ability to function and enjoy life. Surgical procedures con- 
tinue to offer much for many of these people. However, before deciding 
to label an ulcer intractable, care should be taken to make certain that it 
is the ulcer that is intractable rather than the patient, the physician, or 
the medical regimen. There may be some place for the use of traditional, 
unpalatable diet therapy (“‘slops I, white mush II, and bland taste- 
lessness III,” as they have been described by Ingelfinger®). However, 
when a patient says that he would rather have surgery than continue liv- 
ing on farina, cream of wheat, and antacids while his friends eat steak 
and pizza, it may be reasonable to let him eat the things he wants before 
proceeding to surgery. A number of patients who have been declared in- 
tractable appear to lose interest in surgery when they discover that they 
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can resume eating food that has some taste. The mythology of the 
‘white diet” in the management of ulcer disease has been described by 
Ingelfinger.® 

Other things to be considered in patients who at first appeared in- 
tractable include an examination of the remedial contributing causes. Is 
the patient ingesting aspirin in some form? Is he taking aluminum-mag- 
nesium antacid so regularly that he has persistent diarrhea or recurrent 
muscle weakness? Is he taking a calcium antacid which is stimulating 
gastrin production and gastric secretion so that the agent which tempo- 
rarily relieves his pain is also responsible for the continuation of his pep- 
tic ulceration? Has the vigorous use of anticholinergics or tranquilizers 
altered his mental and neurologic state so that he is unable to see and 
think clearly? These questions may lead to simple readjustments in 
therapy which will solve the the intractability problem for many pa- 
tients. 

Alternatively, patients who have been treated with a very liberal or 
permissive program may benefit from more rigidity. The response of 
some patients to the laissez-faire approach may be a feeling that they 
and their disease are not being taken seriously. The attention they seek 
in their request for an operation may be provided by a physician willing 
to listen to their troubles and outline a more intensive program of medi- 
cal management. 

In addition to these measures, the intractable patient should of 
course be checked for gastrinomia and other endocrine abnormalities, 
especially hyperparathyroidism. A brief trial of hospitalization and na- 
sogastric suction may be useful, and a search should certainly be made 
for penetration of the ulcer or coincident pancreatitis. A commonly 
overlooked abnormality, painful costal cartilages (so-called costochon- 
dritis) may confuse the physician and will probably continue to be a 
problem after surgery. This entity may be especially confusing if the pa- 
tient in an attempt to immobilize the tender cartilages contracts his ab- 
dominal muscles which results in spasm, pain, and tenderness in the 
upper rectus abdominus muscles. Palpation of the cartilages may provide 
the diagnosis, and a trial of local injections of corticosteroids or the use 
of more potent oral anti-inflammatory agents may relieve symptoms that 
were incorrectly assumed to arise from the gut. A detailed description of 
approaches to intractability has been provided by Spiro." 


THE ORIGINS OF THE MYTHS AND ANECDOTES 


Why should it be so difficult to develop a treatment program for 
duodenal ulcer disease that will be accepted by most reasonable people? 
If we look at antacid use, there is argument not only over which antac- 
ids but over whether to use them at all. Some physicians vigorously ad- 
vocate their use only for the relief of pain, others argue that very large 
but infrequent doses should be used for weeks beyond the relief of pain, 
and others argue that very frequent but smaller doses provide the most 


New Horizons 1n MEDICAL TREATMENT 1247 


reasonable approach.*: ® !2:!3 The argument over the use of anticholin- 
ergics continues. Should they be used at night only, night and day con- 
tinually, or avoided?'* That there is dispute over when to operate and 
which operation to perform is attested to by this volume of papers and a 
very large and contentious literature. 

Why the disagreement? Why do some physicians believe so strongly 
in modes of therapy that are rejected by others? I suspect that the major 
problem lies in the fact that most duodenal ulcer patients do quite well 
without vigorous intervention and that most episodes of peptic ulcer- 
ation will cease despite the therapy employed.*: > This is not to say that 
we should take lightly the very serious complications of ulcer disease. 
Certainly perforations, uncontrolled bleeds, irreversible obstructions, 
and severe disabling pain require vigorous intervention. However, the 
tendency of most episodes of peptic ulceration to subside spontaneously 
and the tendency for the disease to run its course, so that after 15 years 
about 90 per cent of duodenal ulcer patients are either free of disease or 
minimally symptomatict creates some problems in interpreting one’s 
“experience.” If the disease tends to remit and to eventually burn itself 
out it is easy to take credit for the cure. If, for instance, 80 per cent of 
patients are in relatively good health after a course of antacid therapy or 
after vagotomy and pyloroplasty, it is likely that the person who ad- 
vocated the treatment will tend to take credit for these eight of ten who 
did well and to believe that his therapeutic decision was responsible for 
the happy results. Without precise, long-term, thorough studies these 
anecdotal memories tend to have a marked effect on practice. It is prob- 
able that the great differences in therapeutic programs stem from the 
fact that most duodenal ulcer patients will do quite well providing we do 
not institute outrageous and detrimental maneuvers. 

I do not wish to make the case for therapeutic nihilism, but rather to 
point out that much of what is vigorously advocated in the management 
of duodenal ulcer disease may arise from conclusions based on observa- 
tions that are not entirely sound. The answers lie obviously in careful 
long-term evaluations of the various treatments, and our goal must be to 
constantly revaluate our therapies to avoid making things worse in spite 
of our good intentions. 


SUMMARY 


There continue to be marked differences of opinion regarding how 
to manage duodenal ulcer disease. Recent developments in medical 
management which appear of major importance include the develop- 
ment of antagonists of H,-receptors of histamine, the prostaglandins, 
and transendoscopic instrumentation. Intractability of duodenal ulcer 
continues to be an over-used category which disguises situations that 
are easily remedied. Until we have more long-term and complete evalua- 
tions of ulcer treatment, we will continue to base therapy on anecdotes 
and incomplete data. 
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In 1905, Edkins** proposed gastrin as the hormone which stimulates 
gastric secretion, but contamination with histamine clouded the issue. 
In 1938, Komarow” produced a histamine-free extract of gastrin, thus 
confirming its existence, but it is the past decade that has witnessed a 
rapid explosion of interest in gastrin. This has resulted from three main 
factors: 


1. The preparation of a pure gastrin extract from hog’s antrum by Gregory 
and Tracy in 1964.*° 

2. The synthesis of the hormone’: ** '° along with a number of smaller but 
highly active fragments such as the C terminal pentapeptide, “pentagastrin.’’* 

3. The development of a sensitive and specific method of measuring the en- 
dogenous hormone: namely, the use of radioimmunoassay techniques.*: *® 91> 15° 


STRUCTURE 


Gregory and Tracy’s gastrin extract®® was a polypeptide with a molec- 
ular weight of 2114 containing 17 amino acid residues which they named 
gastrin I and II, the difference between the two being a sulfated tyrosine 
molecule at the 12 position in gastrin II (Fig. 1). Yalow and Berson’s™! 
fractionation studies resulted in isolation of a larger molecular form of 
gastrin, which they called big gastrin, as the main form of plasma im- 
munoreactive gastrin in patients with pernicious anemia and Zollinger 
Ellison (ZE) syndrome. The amino acid sequence of big gastrin was 
subsequently determined by Gregory and Tracy,°* who found 34 amino 
acid residues (G34) as opposed to the 17 amino acid residues of “little 
gastrin” (G17), which in fact is the C terminal'*** fraction of G34. The 
third naturally occurring human gastrin has 13 amino acid residues 
(G13), and is aptly known as a “mini” gastrin. Isolated by Gregory and 
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Figure 1. Molecular species of gastrin as related to site of anatomic production or 
storage. G17 of higher biologic activity is produced mainly from the antrum and is generally 
released in response to stimulation such as antral distention, food, and vagal stimulation. 
G34, “big gastrin,’ generally comprises most of the basal circulating levels of gastrin, has a 
lower biologic activity, and arises from both the antrum and the duodenum, perhaps more 
from the duodenum. This concept of the molecular species of gastrin is not universally ac- 
cepted, and some authors may differ. 


Tracy” from a very large gastrinoma, G13 is the C terminal tridecapep- 
tide fragment of the bigger forms of gastrin. The nonsulfated forms 
usually predominate in all three human gastrins in the proportion of 
Dreinee 

When Yalow and Berson'” treated big gastrin with trypsin, an equiv- 
alent amount of little gastrin appeared in the serum sample. They 
predicted that the trypsin sensitive region of gastrin must be composed 
of two consecutive basic amino acids. This was confirmed by Gregory 
and Tracy,*® who found that the liberation of the “tryptic” G17 from G34 
occurred together with free lysine. j 

Other forms of gastrin exist, such as the “big-big.”’ gastrin of Yalow 
and Berson, which is believed to have a much larger molecular weight 
than G34, and component I of Rehfeld, Stadil, and Vikelsoe.1"! Both 
await chemical and biologic characterizations. 


Significance of Gastrin Heterogeneity 


The heterogeneity of molecular forms of gastrin affects its catabo- 
lism, its “in vivo” manufacture, and the effect of various stimulatory 
agents on its release. The half-life of G17, G34, and big-big gastrin, as 
determined in the dog, has been reported as 3,9 and 90 minutes respec- 
tively,’** an observation which could explain why bigger gastrin mole- 
cules predominate in determinations of basal serum gastrin. 

Stimulation of the gastrin producing cells also affects the serum 
concentration of its various components. G17 was found to constitute 
the largest serum gastrin peak following the stimulation of the dog’s an- 
tral mucosa.”*** In contrast, antral acidification suppresses G17 and 
G34 but not “big-big” gastrin. In fasting human serum, big gastrin and 
big-big gastrin also predominate,!* '!:54 while stimulation leads to 
increased proportions of G34, G17, and mini gastrin.'?! > Of added sig- 
nificance, G17 is a more biologically active molecule than big gastrin.2® 
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6 In one study, it was shown that although G17 made up only 30 per 
cent of serum gastrin, it accounted for 70 per cent of its acid stimulatory 
activity.*” 


GASTRIN PRODUCTION 


Site of Gastrin Production 


Human gastrin is produced in both the antrum and duodenum by 
the G cells. These are specialized endocrine cells which fit the cytochem- 
ical and ultrastructural characteristics of the APUD cell series (for 
Amine Precursor Uptake and Decarboxylation). The APUD concept has 
been developed by Professor Pearse in London, and postulates that such 
cells originate from the neuroectoderm and migrate to the developing 
gut. Although agreement with this concept is not universal, the 
hypothesis is supported by cytochemical findings!” 8 and may be help- 
ful in a better understanding of the mechanism of the hormonal release 
of the gut hormones. Structurally, the cells are characterized by a nar- 
row apex and a wide basal region packed with dense granules. They 
have microvilli on the lumenal (or narrow) side; these may subserve a 
sensory function in response to chemical changes in the lumenal con- 
tents.” 

Much of the human serum gastrin is produced by the antral mucosa 
where G17 constitutes more than 90 per cent of the extracted gastrin,” 
21,112 whereas the duodenal mucosa has an estimated 10 to 33 per cent of 
the antral concentration of gastrin which consists mainly of big gas- 
trin.” 1? The pancreatic islets contain only minimal amounts of immun- 
oreactive gastrin,” perhaps too small to serve any physiologic func- 
nora 


Mechanism of Gastrin Release 


The natural (physiologic) stimulus for gastrin release is by food. 
This is achieved by three main mechanisms. First, direct action on the G 
cells which is considerably affected by the chemical nature of foods. 
Thus, polypeptides resulting from light peptic digestion of proteins are 
effective releasers of gastrin in the dog; whole protein molecules, such 
as albumin, do not share this ability.?* Gastrin is also released by alcohol 
and by amino acids.*! In man, high protein meals, casilan (milk protein 
derivative), and the amino acid glycine were the most potent releasers 
of gastrin, whereas pure fat and carbohydrates were poor releasers. 
Unlike what is observed in the dog, alcohol was found to be a poor stim- 
ulant of gastrin.” 

The second mechanism is by mechanical distention of the antrum” 
or fundus.”’ This has been shown experimentally to result in the release 
of gastrin and hence to acid secretion.” The effect of mechanical disten- 
tion on gastrin release is probably mediated by local reflexes and can be 
blocked by atropine.'** In the innervated stomach, however, acid release 
is also affected by the ‘“pyloro oxyntic reflex.’’? The importance of 
mechanical distention is that chemical stimulants seem to require such 
a background for maximal effectiveness.”* 
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The third mechanism is through vagal stimulation: sham feeding 
has been shown to cause the release of gastrin both in the dog” and in 
patients” with duodenal ulcer, thus allowing gastrin to participate in the 
total acid secretory response of sham feeding. However, sham feeding 
was not followed by gastrin release in healthy individuals.* 

Species variation is clearly exemplified in the dog, where Olbe’™” has 
shown that sham feeding, measured by the acid secretion from a Pavlov 
pouch, was enhanced by subthreshold amounts of gastrin®® and mark- 
edly diminished by antrectomy. This contribution, however, does not 
seem to be a major one in man, as the direct vagal stimulation of the ox- 
yntic population has been shown to be the major mechanism of acid 
secretion in sham feeding.'* * 

To explain the discrepancy, Olbe'®! has postulated the presence of 
an “inhibitor” (possibly “‘vagal dependent’) that is most effective in 
healthy men, but only moderately so in patients with duodenal ulcer, 
and least effective in the dog. However, this proposition remains en- 
tirely speculative. 

More about the role of the vagus on gastrin release has been learned 
by observing the effect of vagotomies in their different forms of gastrin 
release. In one study,” fasting PG increased significantly following 
selective and parietal cell vagotomies, presumably as a result of the lack 
of acid inhibition that follows both operations, whereas meat extract 
stimulation augmented the release of PG only when the antrum’s inner- 
vation was kept intact by the purely “parietal.cell” vagotomy. 

A still unexplained feature of vagal release of gastrin in man is that 
instead of being blocked by atropine as seen in the dog,® stimulated gas- 
trin release is enhanced by atropine.*? Given a cholinergic basis for the 
vagal release of gastrin, this could just reflect a resistance to the 
atropine ‘‘block.’’!!7 

Gastrin release may be affected by other stimuli. Acetylcholine is a 
powerful releaser of gastrin when applied to the antral mucosa,""* as 
well as to the duodenal mucosa.'*4 Ingested calcium releases en- 
dogenous gastrin® and could thus contribute to the postprandial release 
of the hormone. Calcium, also a powerful blood-borne stimulus, corre- 
lates significantly with gastrin release in hyperparathyroidism,2” '*° al- 
though it is not clear what role calcium has in the release of gastrin in 
healthy individuals. Epinephrine is another such stimulus which re- 
leases gastrin,® an effect which is blocked by a-blockers in pheochromo- 
cytoma patients, and by B-blockers in normal individuals. '2° 


Regulation of Gastrin Release 


Gastrin release is inhibited by the very acidity it stimulated.! An- 
tral acidification is perhaps the most powerful inhibitor of gastrin 
release both in the dog”* and in man.'@ 

It is of major clinical importance in patients whose acid secretory 
response is either diminished or abolished. In the gastritis that results 
from the presence of parietal cell antibodies,®! the lack of a physiologic 
feedback mechanism is presumably responsible for the gradual increase 
of the G cell population with age. Hypergastrinemia has also been 
shown to occur with pernicious anemia,” presumably for the same 
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reason. It is also a feature of the retained excluded alkaline bathed an- 
trum sometimes seen following Billroth II type of gastrectomy.® ” 
Bulbar acidification has also been shown to inhibit gastric acid 
secretion, but his is not achieved through a reduction of serum gastrin.®* 
Hormonal regulation is the second principal mechanism regulating 
gastrin release. The four peptides of the secretin family (secretin, 
glucagon, GIP, and VIP) have been shown to inhibit stimulated release 


context, because of its association with the WDHA syndrome in which 
watery diarrhea, hypokalemia, and either hypo- or achlorhydria are the 
major symptoms.” '> Still another hormone that inhbits gastrin release 
is calcitonin,* which seems to have a regulatory function in the release, 
and possibly the catabolism of gastrin.* 


PHYSIOLOGIC ROLE OF GASTRIN 


Although gastrin is known to have quite a wide spectrum of phar- 
macologic actions on the intestinal tract,>' ®* there is less certainty 
about the physiologic nature of such actions. No doubt exists, however, 
about the importance of gastrin stimulation of the acid-secreting parie- 
tal cells. The stimulation of acid secretion is achieved through a more 
intricate mechanism than was previously suspected.® ® This involves a 
complex interaction on the three major receptors of the parietal cells; 
namely, those of gastrin, acetylcholine, and histamine in such a way 
that blockade of the acetylcholine receptor (by atropine)” or the his- 
tamine receptor (by metiamide)*® or other antagonists, also blocks the 
action of gastrin on the parietal cell receptor. The clinical importance of 
this observation is appreciated by observing the effectiveness of selec- 
tive vagotomy in reducing acid secretion in spite of the accompanying 2- 
to 3-fold increase of gastrin release.® 4” 

Although injected or endogenous gastrin will “result” in the stimu- 
lation of pepsin secretion,” this apparent stimulation of pepsin secretion 
seems to be secondary to the resulting acidity.” 

Whereas the physiologic importance of gastrin in the regulation of 
gastric acid secretion is soundly established, it is not always clear 
whether its other effects have a physiologic or clinical importance. 
Nonetheless, it is reasonable to consider physiologic any gastrin effect ob- 
tained at the minimal dose needed to stimulate acid secretion. Alterna- 
tively, the peak gastrin response in a postprandial situation could simi- 
larly be used as a guide. Only pepsin secretion and the stimulation of 
gastric mucosal blood flow seem to satisfy these criteria.'** The biologic 
potentials of gastrin include actions*! ** ® 7 ® such as the stimulation 
of water and electrolyte secretion from the stomach, pancreas, liver, and 
small intestines, increased visceral blood flow, trophic actions, stimula- 
tion of the lower esophageal sphincter and stomach, relaxation of the 
pyloric sphincter, and the release of other hormones such as insulin'® 
and calcitonin,!® 18 as well as VIP.* It is difficult to accept, therefore, that 


*Unpublished observation from this laboratory. 
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gastrin’s physiologic role is confined to two or three functions. The 
study of gastrin on the lower esophageal sphincter (LES) is such an ex- 
ample. Gastrin has been known to stimulate LES.!”* This has been 
regarded by some as physiologic!”’** and has been denied by a num- 
ber of other investigators.*® >?" One point remains certain in that 
context, and this is the rarity of reflux esophagitis in the ZE syndrome.” 
This, however, could be attributed to a trophic effect of gastrin on the 
physiologic sphincter.” ” 

The clinical studies of hypergastrinemia syndrome are, in fact, ex- 
tremely useful in the study of gastrin’s effect in man. Among the effects 
of gastrin that are seen in the ZE syndrome are the following: parietal 
cell hyperplasia,** increased pancreatic secretion with increased basal 
and stimulated volume and bicarbonate output*: ! and diarrhea which 
could result from a direct action of gastrin on intestinal water and 
electrolyte transport inhibition or secretion,*® but which is more likely 
the result of steatorrhea in the ZE patients,’ suggesting that increased 
circulating levels of gastrin result in these physiologic activities. 


Metabolism 


Gastrin catabolism is somewhat dependent on the size of the mole- 
cule. In one report, the half-life of infused G17 and G34 was measured 
in dogs and found to be 3 and 15 minutes respectively.'** A consensus is 
that the larger forms of gastrin are less readily metabolized than the 
smaller and biologically more active molecules, and thus have a longer 
half-life. 

The kidneys seem to assume the major role in the breakdown of gas- 
trin,* a fact which readily explains the state of hypergastrinemia in 
renal failure®®’: '*#? and could account for the upper gastrointestinal ulcer- 
ation and bleeding in uremic patients.'*? The small intestines also seem 
to have a role in gastrin metabolism,'”* 4° but jejunoileal bypass does 
not result in hypergastrinemia.”® The role of the liver in gastrin metabo- 
lism is still unsettled. In a recent study on humans,”* no significant dif- 
ference was found between gastrin concentrations measured in the um- 
bilical vein and the antecubital vein. In a study in dogs, there was a 
significant alteration in the stimulated endogenous gastrin as a result of 
its passage through the liver, resulting in the formation of big gastrin 
molecules (? from G17), as well as in the deamination of the stimulated 
little (G17) gastrin.” These results, however, differed from those of 
Thompson and his co-workers.' !?7 The lung apparently has little effect 
in catabolism of gastrin.** 


Hypergastrinemia 


Increased concentrations of circulating gastrin are found in a 
number of clinical situations. There are three main causes: First, in- 
creased production as seen in the ZE syndrome; second, decreased 
breakdown as in renal failure; and third, lack of acid inhibition as seen 
in parietal cell atrophy (Fig. 2). 
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Gastrin and Ulcer Disease 


Hypergastrinemia concerns the surgeon mainly as a result of the 
ulcer involvement in therapy of disease. Awareness of the therapeutic 
manuevers necessary in the treatment of hypergastrinemia may spell 
the difference between mortality and survival, as in the following. 


The Zollinger-Ellison Syndrome (Gastrinoma) 


The syndrome was first described by Zollinger and Ellison in 19551°° 
who suggested that the responsible secretaguogue was glucagon. The 
responsible secretaguogue was definitely characterized as gastrin by 
Gregory, et al. in 1967,°° although earlier work suggested it.** It consists 
of the following features,! *% 4 7 147-455 although not all are invariably 
present: 


. Fulminant or recurrent ulcer disease, often in typical locations 

. Massive hypersecretion of gastric acid 

. Diarrhea 

. Hypergastrinemia 

. A non-f islet cell tumor of the pancreas (the ZE tumor or gastrinoma). 
This is occasionally found in the wall of the duodenum or stomach, and rarely in 
extragastrointestinal locations. 


OPWNH 
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The importance of the ZE syndrome lies in its seriousness. When 
untreated the mortality has been reported to be 78 per cent,*® while a 
reported 30 per cent of the diagnoses are still made in the autopsy 
room.t Of nearly 1000 cases collected by Wilson,'*” 59 per cent of the 
tumors were malignant. Although malignancy is a problem with late 
survival, early mortality is more often the result of excessive gastrin 
release, which has the following devastating effects: 


1. An increasing rate of gastrin secretion that results from climbing Ht and 
Cl concentrations, and gives rise to an almost pure HCl with maximal secre- 
tion.®? In one study, ten ZE patients had a mean basal acid secretion of 44.3 mEq 
per hr compared with 2.3 mEq per L in normals.*’ The above changes are also ac- 
companied by a reciprocal decrease in Na* and an increase in K* secretions.” 

2. The wide spectrum of actions of gastrin is evident in gastrinoma patients 
in whom both basal and secretin stimulated pancreatic secretion are elevated as 
regards volume and bicarbonate secretions.* 


Concomitantly, gastrin could also interfere with intestinal water 
and Na* absorption®® as well as be responsible for the steatorrhea!*° 
perhaps associated with lack of activation of pancreatic lipase by acidi- 
fied chyme. All features of the disease need not be present in each pa- 
tient. Diarrhea may be the only symptom,*® but is absent in 30 per cent*® 
to 70 per cent of the cases.'!° Some patients lack the massive acid hyper- 
secretion.'** Occasionally, plasma gastrin is not elevated,!* 1°° despite 
repeated determinations. Finally, some patients with the classic fea- 
tures of the syndrome have diffuse hyperplasia of the islets, but no 
tumor.* 

The syndrome often has an insidious onset®® which adds to the dif- 
ficulty in diagnosis. Not uncommonly, ZE exists with other endocrine 
anomalies as part of the multiple endocrine adenomatasis—M.E.A. type 
[1° 14-39 in which hyperparathyroidism is the most common associat- 
ion.* ?° Associated endocrine adenomas in the type I M.E.A. syndrome 
include, along with the pancreas, the pituitary and adrenal glands.!® 39 

Zollinger and Ellison'* realized more than 20 years ago that ade- 
quate treatment of the syndrome requires total gastrectomy, and this 
remains equally true today. It is only in exceptional circumstances that 
a solitary nonmetastasizing responsible adenoma is found,** *° and the 
rationale of removing the target organ is, therefore, obvious as most of 
the mortality results from ulcer disease per se (i.e., acid secretion). 
Removal of the acid secreting stomach also removes the main cause for 
secretin release (acid in the duodenum). Secretin is a known releaser of 
gastrin from gastrinomas,” and this may cause a vicious cycle. 


Ulcer Disease Secondary to Antral Hyperplasia 


A group of patients having the clinical features of ZE but no tumor 
or islet cell hyperplasia was reported by Polak et al.,**!°* who considered 
the clinical entity they have described as a variant of the ZE syndrome; 
however, plasma gastrin was significantly lower than in the classical ZE 
cases. Most important, plasma gastrin concentrations rise with antral 
stimulation, a response which is not usually seen with gastrinomas. The 
distinction between the two conditions is categorically made after exam- 
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ination of the antral G cells by specific immunofluorescence,*® which 
shows the increased number of G cells responsible for the condition. 
Preoperative diagnosis is essential in planning the treatment which 
should be no less than a total gastrectomy with gastrinomas, whereas a 
more conservative approach is acceptable with G cell hyperplasia.**: © 
Not all agree to the existence of this variant, and many would argue for 
these patients as an extreme example of duodenal ulcer disease.!" 


GASTRIN AND GASTRODUODENAL ULCERS 


Although reports differ, no clear relationship has been shown be- 
tween the high acid secretion in duodenal ulcers (DU) and basal plasma 
gastrin (PG) concentrations.'” In a recent report from this laboratory, 
mean PG in DU was insignificantly higher than in 30 control patients.!*’ 
® In gastric ulcer patients, however, most PG is significantly higher 
than in the control population.*® On the other hand, PG concentrations 
in patients with DU have been controversial to say the least; PG being 
reported as higher,’ 1? lower,’® or normal.*®: '!% !82 The discrepancy 
could, as previously pointed out,’ stem from the use of different an- 
tisera, even by the same laboratory. These discrepancies could also be 
resolved if the duodenum is the major contributor of basal gastrin,!*” 
whereas stimulated gastrin is likely of antral origin.”% %° McGuigan 
suggested a relationship between acid secretion and basal gastrin, but 
we could not confirm any relationship between PG and BAO or PG and 
MAO. !#? 

Much recent attention has focused, therefore, on the concept of 
greater autonomy in gastrin secretion in patients with DU. The lack of 
inverse correlation between basal plasma gastrin and basal acid secre- 
tion could be argued as evidence for antral escape from its most power- 
ful inhibitor, antral acidification.'*? Most basal gastrin, however, is likely 
duodenal in origin.'°* 1°! 14 

Others have argued for greater release of gastrin to given stimuli in 
patients with DU. Reeder et al.!°’ demonstrated higher serum gastrin 
concentrations in patients with DU than in controls following calcium 
infusions. However, serum calcium rose higher in the DU patients, and 
since release of gastrin by calcium is a threshold phenomenon,” the 
increased release of gastrin seems more likely due to calcium than any 
characteristic of gastrin release in patients with DU. 

Others have suggested “autonomy” of gastrin release following food 
stimulation.'*2 Whatever the cause for this “autonomy,” if it exists it 
does not seem to result from either a greater number of G cells,* or a 
higher concentration of IR gastrin,** at least as seen in the ordinary DU 
patient. This leaves us with two explanations: 


1. A defect in the feedback inhibition of gastrin release,” '*’ possibly the 
result of a lesser sensitivity of the G cells, to low pH in DU patients. Others™ 
have suggested a decrease in a hypothetical inhibitor. 

2. A higher sensitivity of the parietal cells of DU patients to the stimulatory 
effect of gastrin. This has been confirmed in one study with pentagastrin in such 
patients. 
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That gastrin has indeed a role in DU disease is further supported by 
the increase in parietal cell mass” in DU patients. This could be ex- 
plained by the trophic effect of gastrin; the theory of “work hyper- 
trophy” of these cells is a less likely possibility.” 

In summary, if gastrin is involved in the pathogenesis of DU, it has 
been difficult to prove despite intense investigation. The principal use- 
fullness of gastrin determinations seems to be the “ruling out” of the 
Zollinger-Ellision syndrome, and in case of recurrent ulcer, in which its 
usefulness is limited. 


Diagnosis 

The diagnosis of ulcer disease is usually based on conventional in- 
vestigations which follow a thorough history and physical examination 
and include an upper gastrointestinal series, acid studies and endoscopy 
in some cases. Fasting serum gastrin should be determined if there is 
the slightest suspicion of hypergastrinemia.*4 


SERUM GASTRIN DETERMINATION 


A radioimmunoassay technique is used to determine serum gastrin. 
The technique is easy, specific and sensitive. The availability of com- 
mercial kits, thought not always reliable,*' has widened no doubt the use 
of the assay. A word of caution concerning radioimmunoassay kits and 
commercial determination of gastrin appears in order. Although some 
commercial determinations are accurate, values from laboratories 
whose quality control may be substandard should be reviewed with sus- 
picion. A value which does not coincide with other patient data should 
be questioned. We have recently had several patients referred to us with 
diagnosis of ZE syndrome, with apparently erroneously high values for 
gastrin. The number of these values seems to be increasing. 

Radioimmunoassays are more sensitive (measuring picograms) than 
bioassay (that can measure nanograms). The tests are simpler and more 
specific than the bioassays which they have completely replaced. The 
technique utilized in this laboratory is a modification of that of 
McGuigan,°** *! previously described.?” 47 142: 14° 

Fasting serum gastrin determinations presently are of value only in 
the differential diagnosis of’ ulcer disease and hypergastrinemic states. 

First, normal gastrin levels differ according to the laboratory in 
which it is assayed and should be interpreted in that context. Our nor- 
mal mean is: 26.8 pg per ml (+ 22.8). Walsh'** prefers the use of a me- 
dian value to avoid averaging very high normal values. This brings our 
normal median value to 19. 

Second, plasma gastrin could be deceptively low in gastrinoma pa- 
tients.'*° This calls for a repetition of the test, as PG fluctuates greatly 
with time. '2*- 130, 139 

Third, a fasting gastrin determination must be seen in the light of 
other findings, such as vagotomy, acid studies, etc. Hypergastrinemia 
complicating achlorhydria or renal failure are easily differentiated by 
acid studies and renal function determination. 
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Finally, fasting serum gastrin alone may not be able to differentiate 
among the ZE syndrome, G cell hyperplasia, or recurrent ulcer disease, 
especially after vagotomy. In order to separate a number of pathologic 
entities, a number of gastrin stimulation tests may be helpful. 

A meat broth extract test,** is quite useful, and may differentiate be- 
tween antral G cell hyperplasia and routine duodenal ulcer disease, if 
such a distinction exists. Twenty-five grams of commercial “Oxo” are 
made up to 400 ml with distilled water at a pH of 6.0 at 37°C and drunk 
by the patient over 5 minutes. Blood samples are then serially taken 
over a 90-minute period of gastrin determinations. This showed a signif- 
icantly higher basal and peak gastrin determination in cases of antral G 
cell hyperplasia, as compared to the levels found in DU disease with a 
normal G cell population.*® The test has an added value in the diagnosis 
of ZE syndrome where autonomous gastrinomas do not respond to an- 
tral stimulation by food challenge,** * a food response is also seen in 
most cases following vagotomy. 

A calcium infusion challenge is also useful. Four to 5 mg of Cat** 
per kg per hr is infused, often with an additional 4 mg per kg as calcium 
gluconate in the first half hour. 126 13° Peak response is usually ob- 
served after 3 hours. A response to calcium challenge is seen in normal 
persons, DU patients, and gastrinoma patients. Normal persons have a 
significant acid response, but only a slight rise in serum gastrin. DU pa- 
tients have a much higher acid response and also have a more sig- 
nificant rise in serum gastrin (see discussion above). In ZE syndrome, 
the integrated gastrin response is more than double that of DU.'” 1° 
Magnesium may be used as an alternative to calcium.'!”° 

An apparently more specific test is that of secretin stimulation (Fig. 
3). This produces no change, a decrease,!*° 1° or a very slight elevation 
in PG in normal individuals, generally less than 80 pg per ml rise. The 
slight rise may be the result of impurities in the commercially available 
secretin. Alternatively, the discrepancy of gastrin response in normal in- 
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dividuals could depend on the molecular form of gastrin released.'” 
Secretin, 1 or 2 units per kg, is injected intravenously “as a bolus.” Fast- 
ing blood samples are collected 5 minutes before the test, at zero time, 
and then at 1,3,5, and 10 minutes. A doubling or near doubling of the 
basal values of PG are usually, but not always observed in ZE patients.” 
6°. 23 The secretin infusion test is thought about 90 per cent accurate for 
patients who increase basal values by more than 50 per cent.’” 
Hypergastrinemia accompanying recurrent ulcers with a retained ex- 
cluded antrum generally respond to the secretin test with a decreased 
PG.*: 79 A similar depression has been observed in antral G cell hyperpla- 
sia.®- 79 

Other tests for gastrin release have been used, and may be helpful. 

The applicability of the Hollander Test** for the release of gastrin is 
one example. Gastrin release by insulin is observed only with intact an- 
tral innervation®® as seen with parietal cell vagotomy, while selective 
vagotomy that denervates the antrum abolishes that effect. Arginine in- 
fusion has also been shown to release gastrin only with an intact and in- 
nervated antrum." A recent study on antacid has revealed that the non- 
buffering chloride compounds—MgCl,, AICl,, and CaCl,—result in a 
higher gastrin response in DU than in normal controls* in spite of a pH 
of 2. Whether these tests will acquire diagnostic value remains to be 
seen. 

In patients with the type of atrophic gastritis that follows parietal 
cell atrophy, high gastrin levels are suppressed by antral acidification.®! 
The same results are obtained with secretin in such cases,*! and the 
presence of parietal cell antibodies will secure the diagnosis, otherwise 
antral acidification is of little value in the diagnosis of ulcer disease.!® 
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Symposium on Peptic Ulcer Disease 


Gastric Secretion and Motility in 
Duodenal Ulcer: Effect of Current 
Vagotomies 


Roger R. Dozois, M.D.,* and Keith A. Kelly, M.D.t 


Three types of vagotomy are currently being employed in the surgi- 
cal treatment of chronic duodenal ulcer. Proximal gastric vagotomy 
(highly selective vagotomy, parietal cell vagotomy) vagally denervates 
the fundus and corpus of the stomach but leaves intact the vagal inner- 
vation of the antrum and other abdominal viscera. Total gastric va- 
gotomy (selective vagotomy) vagally denervates the entire stomach but 
not the other abdominal viscera. Truncal vagotomy vagally denervates 
the entire stomach and all other abdominal viscera receiving vagal in- 
nervation.'” 

Our objective in this article is to contrast the effects of the three 
vagotomies on gastric secretion and motility in duodenal ulcer. 


VAGAL REGULATION IN HEALTH 


The vagi have an important role in regulating gastric secretion and 
motility in health. 


Gastric Secretion 


STIMULATION. The oxyntic cells are stimulated to secrete hydro- 
chloric acid by acetylcholine, which is released by the vagi, as well as by 
histamine and gastrin. These chemical regulators have been called 
“first messengers.” Each binds to a specific receptor on the wall of the 
oxyntic cell. This union initiates the formation of a ‘“‘second messenger”’ 
within the cell which activates the intracellular secretory mechanism. 
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Cyclic guanosine 3',5'-monophosphate (cyclic GMP) appears to be 
the second messenger activated by acetylcholine in the oxyntic cell in 
some animals. Cholinergic stimuli increase the formation of cyclic GMP 
in canine fundic mucosa, an effect prevented by atropine or vagotomy." 
In contrast, cyclic adenosine 3’,5'-monophosphate (cyclic AMP) is prob- 
ably the second messenger for histamine in dogs,’ rodents, and amphib- 
ians.2> Histamine, but not cholinergic agents or gastrin, stimulates the 
formation of cyclic AMP in canine fundic mucosa, an effect blocked by 
metiamide, a histamine H,-blocking agent. The second messenger or 
messengers present in human oxyntic cells are unknown. 

Only small amounts of acid are secreted during fasting in healthy 
subjects (2 mEq per h). But the thought, smell, taste, chewing, and 
swallowing of appetizing food bring about an increase in the rate of 
secretion, a phenomenon called the ‘‘cephalic phase” of gastric secre- 
tion. These stimuli initiate vagal reflexes that result in the release of 
acetylcholine both in the fundic mucosa and in the antral mucosa. The 
acetylcholine released in the fundic mucosa acts directly on the oxyntic 
cells to increase their production of acid. The acetylcholine released in 
the antrum stimulates the secretion of acid indirectly by causing antral 
“G” cells to discharge gastrin, which in turn stimulates the oxyntic 
cells. The magnitude of the response when both fundic and antral 
pathways are acting exceeds that for either pathway alone. However, the 
direct effect of acetylcholine on the oxyntic cell appears to predominate 
in man, since the secretion of acid in response to sham feeding is 
abolished by proximal gastric vagotomy but not-by antrectomy.”* ”° 

The entrance of food into the stomach initiates the second phase of 
gastric secretion, the gastric phase. Distention of the fundus and corpus 
by food activates both long (vagovagal) and short (intramural) reflexes 
that cause the secretion of acid (oxynto-oxyntic reflexes).'4 Distention of 
the nonacidified antrum causes the release of antral gastrin (pyloropy- 
loric reflex), which then stimulates secretion. However, distending the 
antrum with an acidic solution does not increase the release of gastrin 
and so does not stimulate the secretion of acid from a vagally dener- 
vated canine fundic pouch (gastrin-dependent mechanism), but it does 
stimulate secretion from a vagally innervated fundic pouch (gastrin-in- 
dependent pyloro-oxyntic reflex).* Vagal denervation of the antrum de- 
stroys the gastrin-independent reflex. Conversely, distention of the oxyn- 
tic area causes gastrin to be released from a nondistended, nonacidified 
antrum (oxyntopyloric reflex).? Acidifying the antrum suppresses the 
release of gastrin caused by proximal gastric distention and greatly 
diminishes, but does not eliminate, the secretion of acid from the oxyn- 
tic area. 

The contact of food with gastric mucosa also stimulates the secre- 
tion of acid. Bathing the oxyntic area with polypeptides and amino acids 
induces the secretion of acid by a gastrin-independent mechanism that 
is only minimally inhibited by atropine and metiamide.’ Bathing the an- 
tral mucosa with the same dietary components releases gastrin, which 
in turn stimulates the secretion of acid.'4 

Finally, the entrance of chyme into the small intestine stimulates a 
third phase of gastric secretion, the intestinal phase. This phase may be 
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mediated by intestinal gastrin, ‘““entero-oxyntin,” and other stimulatory 
humoral substances. 

Probably all phases of gastric secretion have both neural and hu- 
moral components. In addition, the three principal chemical regula- 
tors—acetylcholine, gastrin, and histamine—also influence each other’s 
action. Atropine (or vagotomy) and histamine H,-blockers inhibit the ox- 
yntic response to all three stimulants. 

INHIBITION. The secretion of acid can be decreased either by with- 
drawing stimulation or by enhancing inhibition of the oxyntic cells, and 
the vagi have a role in both phenomena. Stimulation by gastrin can be 
diminished by acidification of the antrum, which decreases formation or 
release (or both) of the hormone.** There may also be vagal fibers in the 
antrum that inhibit the release of gastrin. Electric stimulation of antral 
vagal nerves has been shown to inhibit the secretion of acid, while cut- 
ting the same nerves increases the secretion.!® The release of antral gas- 
trin in response to insulin hypoglycemia can be enhanced by selectively 
blocking vagal inhibitory fibers to the antrum.’ 

The secretion of acid is also diminished by humoral inhibitors from 
the small intestine. Inhibitory hormones are secreted in response to the 
entrance of fat, acid, or hyperosmolar substances into the small bowel. 
The exact nature of the inhibitors is unknown. Candidates include 
secretin, cholecystokinin, vasoactive intestinal peptide (VIP), gastric 
inhibitory polypeptide (GIP), and glucagon.*° 

The vagal nerves modify intestinal inhibitory pathways. Fat or acid 
placed in the human duodenum no longer inhibits acid secretion after 
vagotomy.” * Increased postprandial secretion of acid occurs after trun- 
cal vagotomy or extragastric vagotomy in antrectomized dogs with 
vagally denervated fundic pouches; this suggests that the release of an 
inhibitor from the small intestine is under vagal influence.” 


Gastric Motility 


The vagi have a unique role in regulating the motility of both the 
proximal and the distal parts of the stomach, in keeping with the dif- 
ferent motor functions of these two gastric regions.’ 

PROXIMAL STOMACH. The proximal part of the stomach acts as the 
gastric reservoir, receiving and storing ingested food. Its slow, sustained 
contractions exert a steady pressure on the gastric content, gradually 
pressing the content toward the distal stomach and the duodenum. 

The rate of emptying of gastric content depends on the difference in 
pressure between the stomach and the duodenum, and it also varies 
with the resistance to the flow of chyme.”’ Because the sustained con- 
tractions of the proximal stomach are the main determinant of pressure 
in the stomach, they have a major influence on gastric emptying. 

Some vagal neurons stimulate proximal gastric contractions, 
whereas others inhibit them, as do sympathetic neurons.' The transmit- 
ter released by the vagal stimulatory neurons is acetylcholine, which 
depolarizes smooth muscle cells and results in action potentials and 
contractions. The transmitter released by the vagal inhibitory neurons 
and its mode of action are unknown. Adenosine triphosphate and dopa- 
mine are candidates. 

Two properties of the proximal stomach are especially important in 
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the control of intragastric pressure and gastric emptying: receptive re- 
laxation and accommodation to distention. Both are regulated by vagal 
nerves. ‘ 

As boluses of ingesta pass through the esophagus into the stomach, 
the proximal stomach relaxes to receive them, a phenomenon called 
“receptive relaxation.” Intragastric pressure actually decreases before 
the arrival of the bolus, and it remains low during repeated swallowing. 
After swallowing, intragastric pressure returns toward the control level. 
Receptive relaxation is mediated by vagal inhibitory fibers that are 
reflexly activated. 

The proximal stomach also has the remarkable ability to adapt to in- 
creasing volumes with little change in intragastric pressure. Intragas- 
tric pressure increases to about 10 cm of water as the stomach is gradu- 
ally distended to 300 to 500 ml, but with continued distention to 800 to 
1000 ml, little further increase in pressure occurs.‘ Accommodation is 
also mediated in part by vagal neurons. Receptors in the wall of the 
stomach sensitive to stretch and pressure activate vagal afferent 
neurons; these synapse with neurons in the central nervous system 
which in turn activate vagal inhibitory fibers. 

The maintenance of low intragastric pressure with gastric filling, as 
made possible by receptive relaxation and accommodation and the vagal 
nerves, means that the gastroduodenal gradient in pressure is kept 
small during eating and that gastric emptying is not hurried. 

The vagi also facilitate hormonal regulation of proximal gastric 
motility. For example, gastrin inhibits proximal gastric contractions, 
decreases intragastric pressure, and slows gastric emptying.*® The vagi 
enhance this effect, for after vagotomy the sensitivity of the smooth 
muscle in the proximal stomach to gastrin is diminished.”® 

The vagi may also modify responses to cholecystokinin, secretin, 
glucagon, and motilin, all of which slow gastric emptying, but appropri- 
ate testing has not yet been done. 

THE DisTAL StomMAcH. The distal part of the stomach acts as the 
gastric mixer and grinder.’ Its peristaltic contractions blend the gastric 
content with gastric juice and thoroughly triturate gastric solids before 
allowing them to pass into the duodenum. 

A gastric pacemaker in the orad corpus sets the pace of gastric 
peristalsis and determines the velocity and direction of its propagation.* 
The pacemaker generates regularly a cyclic change in potential, called 
the pacesetter potential, which propagates aborally from the orad corpus 
to the pylorus. The pacesetter potential partially depolarizes the gastric 
smooth muscle as it sweeps distally, bringing the muscle cells closer to 
the threshold for contraction. The threshold is reached when additional 
stimuli, such as acetylcholine or gastrin, act on the muscle to complete 
its depolarization. Contractions then occur, and they occur at a 
frequency of 3 per min, the frequency of the pacemaker and its paceset- 
ter potential. 

The pacemaker and the pattern of pacesetter potentials are 
myogenic phenomena, but the vagal nerves stabilize the rhythm of the 
pacemaker and prevent ectopic pacemakers from disturbing the regular 
pattern of pacesetter potentials in the distal stomach. 
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As in the proximal stomach, vagal nerves augment and sympathetic 
nerves inhibit contractions in the distal stomach. The more vagal stimu- 
latory nerves that fire, the more acetylcholine is released, and the 
stronger are the peristaltic contractions that result. The existence of 
vagal inhibitory motor nerves in the distal stomach has not been shown. 

The influence of the vagi in modifying hormonal responses in the 
distal stomach is unknown. Gastrin increases the frequency of the gas- 
tric pacemaker and stimulates peristalsis, in marked contrast to its 
inhibitory effect in the proximal stomach. Cholecystokinin and motilin 
also stimulate distal gastric contractions, whereas secretin, glucagon, 
VIP, GIP, and bulbogastrone inhibit peristalsis. 


VAGAL REGULATION IN DUODENAL ULCER 


An attractive hypothesis is that increased vagal ‘“‘drive” results in 
changes in gastric secretion and motility that lead to duodenal ulcer. 


Gastric Secretion 


The secretion of acid during fasting is greater in patients with 
duodenal ulcer than in normal subjects, but there is much overlap in the 
range of values of the two groups. The hypersecretion in duodenal ulcer 
is due to several factors. Subjects with ulcer have twice as many oxyntic 
cells as do nonulcer subjects (ulcer, 2 billion; nonulcer, 1 billion), and 
this contributes to their increased capacity to secrete acid.'’ The dose of 
stimulant necessary to produce half-maximal secretion of acid is 
smaller in ulcer patients than in control patients, a reflection of in- 
creased responsiveness of the oxyntic cells in ulcer.'’ Patients with 
ulcer release more gastrin than do normal subjects when fed a meal of 
protein; this shows that there is increased strength of stimulation in 
duodenal ulcer.*! Lastly, the suppression of the release of gastrin by an- 
tral acidification is less in ulcer patients than in controls, an indication 
that there is impaired inhibition of secretion in ulcer.*! 


Gastric Motility 


Gastric accommodation to distention is not altered in duodenal 
ulcer,'* nor are there changes in the rhythm or frequency of the gastric 
pacemaker and gastric peristalsis.** However, peristaltic contractions 
are stronger in patients with duodenal ulcer than in healthy subjects,’ 
and gastric emptying of food is more rapid.?® The rapid entrance of 
acidified chyme into the duodenum contributes to the inability of the 
duodenum to neutralize the acid, leading to ulceration. 


EFFECT OF VAGOTOMY 


Gastric Secretion 


PRoxIMAL GastTRIc VAGotomy. Vagal denervation of the gastric 
fundus and corpus immediately reduces basal acid output (BAO) by 75 
to 80 per cent and peak acid output (PAO) in response to pentagastrin or 


1272 . RoceErR R. Dozo1s AND KEITH A. KELLY 


Table 1. Gastric Secretion of Acid After Vagotomy* 


VAGOTOMY 
TV TGV PGV 
No. of patients 704 140 191 
BAO (per cent reduction) 74 64 81 
PAO (per cent reduction) 66 62 58 


*TV =truncal vagotomy; TGV = total gastric vagotomy; PGV = proximal gastric vagotomy; 
BAO = basal acid output; PAO = peak acid output in response to pentagastrin or histamine. 
Data are collected from the literature. 


meat extracts by 55 to 70 per cent (Table 1).® !? The PAO in response to 
insulin also decreases. In one report, PAO after insulin decreased from 
33 mEq per h preoperatively to 0.5 mEq per h 1 week after vagotomy.”! 

The secretion of acid tends to return toward prevagotomy values in 
the first year after proximal gastric vagotomy, especially the PAO in 
response to insulin. However, by 5 years after operation, the BAO and 
PAO after pentagastrin are still reduced by 79 and 48 per cent, respec- 
tively (Fig. 1).!* The PAO in response to insulin also remains remarkably 
small at 3.5 mEq per h, even though 90 per cent of the insulin tests 
were positive by Hollander’s criteria. 

Proximal gastric vagotomy also reduces the secretion of acid that 
occurs in response to distention of the proximal human stomach,’ 
decreases the output of pepsinogen in response to various stimuli,® and 
increases the concentration of gastrin in the serum.” 

TOTAL GASTRIC AND TRUNCAL VacotTomy, Total gastric and truncal 
vagotomy reduce BAO and PAO in response to histamine, pentagastrin, 
and meat extracts by 60 to 80 per cent and 50 to 70 per cent, respec- 
tively (see Table 1).'!° The magnitude of the reduction in acid secretion is 
similar to that found after proximal gastric vagotomy, and all three 
types of vagotomy are followed by the same slight tendency for recovery 
(see Table 1). Pepsinogen secretion induced by insulin or pentagastrin is 
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Figure 1. Substantial decreases in basal acid output (BAO) and in pentagastrin-induced 
peak acid output (PAO”™) occurred in 21 subjects with duodenal ulcer at 1 and 5 years after 
proximal gastric vagotomy (PGV). Asterisk indicates per cent reduction in acid output. (Data 
from Greenall, M. J., Lyndon, P. J., Goligher, J. C.,and Johnston, D.: Long term effect of highly 
selective vagotomy on basal and maximal acid output in man. Gastroenterology, 68:1421, 
1975. Used with permission.) 


GAsTRIC SECRETION AND MoTILity IN DUODENAL ULCER 1273 


equally diminished by proximal gastric vagotomy and total gastric va- 
gotomy.® 

The concentrations of gastrin in the serum during fasting and after 
a meal of protein are greater after each of the three types of vagotomy 
than before vagotomy. The postvagotomy hypergastrinemia may be at- 
tributed to decreased inhibition of release of antral gastrin by acid and 
to increased liberation of extragastric gastrin. Basal serum gastrin is the 
same whether the antrum is innervated or not; this suggests that acidity 
controls basal gastrin levels."* The gastrin response to a protein meal is 
greater after proximal gastric vagotomy than after total gastric vagot- 
omy but less than after truncal vagotomy. However, the secretion of 
acid after all three vagotomies is similar, and this points out the impor- 
tance of the decreased responsiveness of the vagally denervated oxyntic 
cells to gastrin. 


Gastric Motility 


PROXIMAL GASTRIC VAGOTOMy. Vagal denervation of the proximal 
stomach impairs receptive relaxation and accommodation to distention. 
Greater increases in pressure occur with gastric filling after proximal 
vagotomy compared with before, resulting in early satiety, epigastric 
fullness, and rapid gastric emptying of liquids’: '* (Fig. 2). Fortunately, 
the acceleration in the rate of gastric emptying produced by proximal 
gastric vagotomy has seldom been great enough to result in the ‘““dump- 
ing syndrome” or diarrhea.'® 

Proximal gastric vagotomy also vagally denervates the orad cor- 
poreal gastric pacemaker. The denervation produces some instability of 
the gastric pacemaker, and periods of antral dysrhythmia secondary to 
an ectopic pacemaker occasionally occur. Fortunately, these periods are 
infrequent after the first postoperative week. 

Proximal gastric vagotomy preserves the vagal innervation of the 
antrum and pylorus. Peristalsis and antral mixing and grinding are not 
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Figure 2. Proximal gastric 
vagotomy (PGV), complete gastric 
vagotomy (CGV), and _ truncal 
vagotomy (TV) all impair canine 
gastric accommodation to disten- 
tion. (Reproduced from Wilbur, 
B. G., and Kelly, K. A.: Effect of 
proximal gastric, complete gastric, 
and truncal vagotomy on canine 
gastric electric activity, motility, 
and emptying. Ann. Surg., 178: 
295, 1973. Used with permission.) 
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Figure 3. Complete .- gastric 
vagotomy (CGV) and truncal vagoto- 
my (TV) slow canine gastric empty- 
ing of solids, but proximal gastric 
vagotomy (PGV) does not. (Modified 
from Wilbur, B. G., and Kelly, K. A.: 
Effect of proximal gastric, complete 
gastric, and truncal vagotomy on 

ay canine gastric electric activity, 
CGV me motility, and emptying. Ann. Surg., 
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greatly impaired by proximal gastric vagotomy, and gastric emptying of 
solids is not altered. Operations that facilitate gastric emptying of solids, 
such as pyloroplasty and gastroenterostomy, are not needed. 

ToTaL GASTRIC AND TRUNCAL VacoTomy. Total gastric vagotomy 
(selective vagotomy) and truncal vagotomy vagally denervate the prox- 
imal stomach and impair receptive relaxation and gastric accommo- 
dation, just as proximal gastric vagotomy does, and result in easy filling 
and rapid gastric emptying of liquids (see Fig. 2).° These operations also 
vagally denervate the gastric pacemaker and distal stomach, and this 
disturbs slightly the stability of the gastric pacemaker and the pattern of 
electrical activity of the distal stomach. But the disturbances are small 
and they tend to disappear with time, as with proximal gastric vagotomy. 

The main difference between total gastric vagotomy or truncal va- 
gotomy and proximal gastric vagotomy is that the more extensive va- 
gotomies vagally denervate the distal stomach, thereby weakening peris- 
talsis, impairing trituration, and slowing gastric emptying of solids, 
whereas proximal gastric vagotomy does not (Fig. 3). The stasis of solids 
that results with distal gastric denervation is so severe that operations to 
decrease the resistance to the passage of solids at the pylorus (pyloro- 
plasty) or bypass the pylorus (gastroenterostomy) are usually required. 
Unfortunately, in addition to facilitating gastric emptying of solids, 
pyloroplasty disrupts and gastroenterostomy bypasses the closing mech- 
anism at the pylorus which prevents reflux of duodenal content into the 
stomach. Increased duodenal-gastric reflux can result and lead to bilious 
vomiting and alkaline gastritis.!" 


SUMMARY 


Proximal gastric vagotomy, total gastric vagotomy, and truncal 
vagotomy all decrease gastric secretion of acid and pepsinogen, increase 
the concentration of gastrin in the serum, impair gastric receptive relax- 
ation and accommodation, and speed gastric emptying of liquids. Only 
proximal gastric vagotomy preserves antral motility, gastric emptying of 
solids, and the pyloric barrier to duodenal-gastric reflux. 
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Symposium on Peptic Ulcer Disease 


Gastric Emptying — Physiology and 
Measurements 
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Interest in the physiology and regulation of gastric emptying dates 
back to 1833 when Beaumont! observed that the length of time food 
remains in the stomach after a meal depends upon the type of food 
eaten. Although many investigations have detailed factors (pH, osmo- 
larity, and fat) that influence the rate of gastric emptying, the clinical 
applications of measurement of gastric emptying in man are limited. 
Operations for duodenal ulcer are followed by alterations in motility and 
emptying. These are manifest clinically by early satiety, dumping, and 
diarrhea. Elsewhere in this symposium, Dozois and Kelly analyze preop- 
erative and postoperative neural factors and changes that relate to gas- 
tric emptying and motility. 

This article briefly reviews other factors that influence gastric emp- 
tying and the methods that assess gastric emptying in man. 


HISTORY 


Early work on gastric emptying was summarized by Marbaix.* By 
1898 it had been demonstrated that solutions passing through the 
pylorus into the intestine could delay gastric emptying, particularly 
when compared to solutions that egressed through a duodenal fistula. 
Studies also showed that the greater the volume in the stomach, the 
more rapid the rate of emptying. Distention of the stomach, regardless 
of the solution causing the distention, resulted in an increased rate of 
gastric emptying.*” ** Marabaix demonstrated that 250 cc of air plus 250 
cc of water emptied at the same rate as 500 cc of water.** The effects of 
osmotic pressure on gastric emptying was shown in 1905 by Carnot and 
Chassevant.‘ Hypertonic and hypotonic solutions delayed gastric empty- 
ing. 
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+Department of Radiology, The Cleveland Clinic Foundation, Cleveland, Ohio 
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NORMAL GASTRIC EMPTYING 


Anatomic Factors 


Three anatomic areas of the stomach regulate emptying: (1) the 
proximal stomach (fundus), (2) the distal stomach (antrum), and (3) the 
pylorus. The division between proximal and distal stomach as defined by 
Kelly** is midway on the lesser curvature and one-third the distance on 
the greater curvature (as measured from the esophagus). Although this 
area does not correspond to anatomic subdivision of fundus, corpus, and 
antrum, it functionally divides the stomach into areas concerned with 
the emptying of liquids (proximal) and solids (distal stomach) (Fig. 1). 

The proximal stomach serves as a reservoir where receptive relax- 
ation occurs. The distal stomach is concerned with antral contractures. 
A pacemaker located on the orad corpus, greater curvature side of the 
stomach, is the site of an electrical wave which passes downward to the 
pylorus. When this electrical wave is associated with an action potential, 
a coupling phenomenon may result. This is then followed by an antral 
contracture. Experimentally, only 26 per cent of electrical waves were 
conducted.** The simultaneous distal contractions result in antral sys- 
tole causing solids to leave the stomach (propulsion) when the pylorus is 
opened and mixing and grinding (retropulsion) to occur when the 
pylorus is closed. 


Pylorus 


Although anatomically demonstrated, the existence of a physiologic 
pyloric sphincter has created controversy. Fisher and Cohen?’ have 
shown by manometric studies in 28 humans that a high pressure zone 
1.5 cm in length with a resting pressure of 5.3 + 0.5 mm Hg is present. 
They suggested that the pylorus is a physiologic sphincter “that con- 
tracted in response to duodenal hormonal stimuli and altered the retro- 
grade movement of duodenal contents into the stomach.” Since the rate 
of gastric emptying is dependent on resistance of the pyloric sphincter, 
further studies are needed to define stimuli to this physiologic sphincter 
mechanism. 


Slow Sustained 


Contractions Figure 1. The proximal and dis- 
tal portions of the stomach; control of 
emptying of liquids is regulated by 
the proximal stomach while emptying 
of solids is regulated by the distal 
stomach. (Reproduced from Kelly, K.: 
Gastric motility after gastric opera- 
tions. Surgery Annual, 1974. New 
York, Appleton-Century-Crofts, 1974, 
pp. 103-123. Used with permission.) 


Peristaltic 
Contractions 
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Hormonal Factors 


Hormones that arise in or act on the alimentary tract may alter gas- 
tric emptying. Although both in vitro and in vivo studies have been 
done, it is not clear whether these actions are physiologic or pharmaco- 
logic. Nearly all hormones studied have delayed gastric emptying. Gas- 
trin, which increases the frequency of the pacemaker and causes action 
potentials to appear in the distal stomach, inhibits contractions and elec- 
trical activity in the proximal stomach. Its action is to delay gastric emp- 
tying.’ '8 Secretin, gastric inhibitory polypeptide (GIP), and cholecys- 
tokinin* inhibit peristalsis and delay gastric emptying.® '' Motilin stim- 
ulates gastric motor activity, but whether the circulating concentrations 
are sufficient to effect gastric emptying remains to be determined. 


Gastric Volume Receptors 


Receptors in the gastric muscle that are sensitive to tension and dis- 
tention were first described by Iggo*! and Paintal in 1955 and 1954.48 At 
least in sheep, as the stomach distends, these receptors emit impulses 
that are followed by gastric contractions. A greater number of impulses 
are released when the stomach is distended, but even when the stomach 
is empty one to ten impulses are discharged per second. These impulses 
are transmitted neurally and increase the rate of gastric emptying. An- 
other vagal receptor in the gastric wall is both nonadrenergic and inhibi- 
tory (purinergic system).'! The mediator in this system may be ATP and 
cyclic AMP, and it is postulated that the purinergic fibers facilitate gas- 
tric distention and receptive relaxation in the fundus. 


Osmolarity 


The earlier work of Carnot and Chassevant has been mentioned.’ 
Studies by Hunt and his colleagues extended these early concepts.*® * 
Many solutes were tested to determine the effect of osmolarity on gas- 
tric emptying.*® These experiments suggested that sensitive duodenal 
osmoreceptors did delay gastric emptying. The solutes tested were glu- 
cose, sorbitol, sulfate, and salts of potassium, calcium, and sodium. 
The effects of each of these substances were similar per milliosmol. 
Each slowed gastric emptying. When starch, glucose, and water were 
tested, both starch and glucose left the stomach more slowly than 
water.** It is postulated that the osmoreceptors are located in the duo- 
denum deep to the brush border. 


Acid Concentration 


Acid solutions slow gastric emptying. The greater the concentration 
of acid, the greater the delay in gastric emptying. Hunt and Knox stud- 
ied hydrochloric, acetic, lactic, phosphoric, tartaric, and _ citric 
acids. 11> 13 34:37 The strength of the acid did not correlate with its effect 
on the rate of emptying. Acetic acid, a weak acid, was second to hydro- 
chloric acid in delaying emptying. These investigators postulated that 


“The action of cholecystokinin may be physiologic, as recently shown by Debas et al.’ 
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the anions determined the effectiveness of the acid in slowing empty- 
ing. ‘ 
More recently, Cooke has shown that the first 5 cm of duodenum is 
sensitive to duodenal acidification.!° His work suggested a neural feed- 
back mechanism, since 0.2 to 0.4 mEq of acid could cause a rapid delay 
in gastric emptying. Schapiro and Woodward showed that this inhibitory 
response could be abolished by celiac ganglionectomy.*’ Further studies 
by Cooke and Clark suggested that the neural mechanism that delayed 
emptying was adrenergic, but that the receptor was neither alpha nor 
beta.!® 


The Effects of Fats 


Fatty acids, particularly unsaturated fatty acids, delay gastric emp- 
tying. From acetic (C,) to octanoic (C,) acids there was little difference 
in the effect on gastric emptying.'**”:*? In 10-to-14 carbon fatty acids 
there was a significant increase in ability to delay gastric emptying. Six- 
teen-to-18 carbon fatty acids (palmitic and stearic) were less effective in 
altering emptying. Whether the mechanism of action is neural, hor- 
monal, or both is still undefined." 


Amino Acids 


The effect of amino acids on gastric emptying was first studied by 
Thomas et al. in 1934.°! More recently Cooke and Moulang’? have done 
extensive studies on the effects of amino acids.on gastric emptying. Of 
22, amino acids studied, only L-tryptophan delayed emptying in concen- 
trations that seemed physiologic under the conditions of protein diges- 
tion. Even amino acids that were potent liberators of cholecystokinin 
had little effect. An osmoreceptor in the duodenum was postulated to be 
the mechanism of action that delayed emptying for amino acids. 

Thus, many factors including neurogenic, osmotic, hormonal, and 
concentrations of acids fats and amino acids are involved in the regula- 
tion of gastric emptying. 


MEASUREMENT OF GASTRIC EMPTYING 


Because of these many factors, it has been difficult to control and 
quantitate gastric emptying particularly when solid foods are used. 

In principle, quantification of emptying may be done by (1) intuba- 
tion: placing a known quantity in the stomach and periodically sam- 
pling it through a tube; (2) radiologic tests: measuring the amount of a 
radiopaque unabsorbed marker in the intestine; or (3) isotopic studies: 
measuring the amount of radioactivity emitted in a volume of gastric 
contents. There are practical limitations to each of these methods. 


Intubation Tests 


Sampling nasogastric contents and a dye marker from a nasogastric 
tube at intervals has been a common way of evaluating gastric empty- 
ing.” By calculating the amount and concentration of marker in each 
sample, the rate of emptying may be calculated, assuming the meal does 
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not separate from its markers (triglycerides may).*° This method is reli- 
able and reproducible but is limited because only liquids may be studied. 
Thus, the cephalic phase of secretion is bypassed.” Repeated intubation 
is necessary, an inconvenience for many patients. Many modifications 
have been made in this procedure including double sampling (George), 
duodenal intubation and perfusion,* intubation plus isotopic studies, 
and modification of a solid meal maintaining it at a pH of 5.5. 

For widespread application, all of these modifications are limited 
because of the deficiencies inherent in the test, patient acceptance, or 
complex techniques. 


Roentgenographic Studies 


There are obvious advantages to using a barium meal in evaluating 
gastric emptying. It is relatively simple to do, well tolerated by the pa- 
tient, available, and reproduciblé. The disadvantages outweigh the ad- 
vantages. It is difficult to quantitate when the stomach is 25 per cent, 50 
per cent, or 75 per cent full, since observer variation cannot be con- 
trolled. Liquids are easier to assess than solids. Attempts to mix barium 
with solid food brings criticism because barium may precipitate out of 
the meal. Finally, only total emptying time, that is, the time when all the 
barium has left the stomach, may be quantitated. 


Isotopic Studies 


Although radionuclide isotopic studies were used to measure gastric 
emptying 10 years ago,” it was not until 1970 with the application of the 
gamma camera that the method became more popular.”*?* Since then 
several authors have reported on their experience with radionuclide in- 
vestigation or gastric eniptyin ge. 910) 2022, 20. 44 P3 

A variety of isotopes have been studied including chromium,” 
cesium,'® iodine,” indium,”**° and technetium. * *:°? The last two are 
used more frequently. DTPA (diethylenetriamine penta-acetic acid) is 
attached to both "Tc and '"In. The requirements for radionuclides 
used in studying gastric emptying are that the isotope should (1) not be 
absorbed through or absorbed to the gastric mucosa; (2) mix thoroughly 
with the ingested food; (3) not hasten or delay gastric emptying; (4) not 
be absorbed from the remainder of the gastrointestinal tract. Other fac- 
tors besides cost and availability include the radiation dosage to the pa- 
tient. 

Emptying time will vary depending on what food the radioactive 
material is absorbed to or mixed with. Investigators have stressed the 
importance of establishing normal controls for a given meal.** Most 
have utilized the all-American meal of 20 grams of corn flakes, plus 150 
ml of whole milk, and 15 grams of sugar.® ?° Exactly what portion of the 
meal the isotope is mixing with is unclear. Is the liquid phase or solid 
phase, or both phases, being measured? This has not been clarified. 

Studies have shown that indium and chromium reflect different 
emptying rates with the former absorbing onto the solid portion of the 
meal and the latter into the liquid portion. 

For the meal, gastric emptying time (GET) is expressed as one-half 
GET. This refers to the time that one-half the meal leaves the stomach. 
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Normal values with this meal are 37 + 5 minutes.® Other investigators 
employing both technetium and indium with a more complex meal that 
includes ham and cheese, tea, bread and butter, a soft-boiled egg, and 
two cups of tea have found longer one-half emptying times that ranged 
from 23 to 77 minutes.” *? This is because solids leave the stomach 
more slowly than liquids. Liquid meals (tap water and saline) tagged 
with ™Tc have shorter emptying times, being 15 minutes and 12 
minutes respectively.*: 7 

Several studies have shown that the isotope is not absorbed onto the 
gastric mucosa nor absorbed in the intestinal tract; the radiation dosage 
is very small, making the procedure relatively safe for patients. The ra- 
diation exposure is less than that during a barium enema study.” ?” *8 

Interpretation of data has also been variable depending on the pa- 
tients studied and the isotope and meal used. 

Our experience has been with the corn flake meal and "Tc as the 
isotope. Our interest was stimulated by the report by Crowley et al. who 
assessed emptying in 30 patients from 1 month to 1 year after vagotomy 
and pyloroplasty.'® Initially, the pattern of emptying was delayed in 
many patients but a wide scatter was present. At 1 year, the pattern was 
normal in seven patients. This sample is small and conflicts with other 
data that have shown that the early emptying rate was faster after vago- 
tomy and drainage.’ In another recent study using isotopes the rate of 
emptying was delayed after vagotomy and antrectomy but not after 
highly selective vagotomy.’ Again, a recurring problem that makes it 
difficult to compare one study with another is the difference in meal, iso- 
tope, posture, and time from surgery. 

We have evaluated 24 patients, both before and after vagotomy 
(truncal, selective, and highly selective) and some with postgastrectomy 
syndromes to assess emptying rates, particularly when surgery was 
planned. It was hoped that by using each patient as his own control, pat- 
terns of emptying reflecting different operations might emerge. To date, 
no pattern has emerged after any operation, but the sample and follow- 
up are small. As yet, there has been no early correlation between the 
rate of emptying by isotopic measurement and the clinical pattern. For 
illustrations and brief case summaries, Figures 1 to 6 are shown to dem- 


Figure 2. A normal pattern of gastric emptying. This study was done in a 50-year-old 
man prior to highly selective vagotomy. 50 per cent of the corn flake-technetium test meal 
has left the stomach in 35 minutes. 
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Figure 3. The same patient’s gastric emptying pattern 72 hours after highly selective 
vagotomy without drainage. The early pattern of emptying is maintained and the curve is 
very similar to the preoperative study. 


Zi 


Figure 4. A 4 ounce barium swallow roentgenogram 48 hours after highly selective 
vagotomy in the above patient. It is difficult to quantitate how much barium remains in the 
stomach at this point in the study. 
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Figure 5. A 60-year-old man who underwent truncal vagotomy and pyloroplasty. The 
upper curve is a preoperative study. The lower curve shows rapid early emptying (this study 
was taken 3 months after surgery). He had no symptoms of dumping. 
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Figure 6. A 24-year-old man with symptoms of dumping, diarrhea and alkaline reflux 
gastritis following multiple gastric operations for duodenal ulcer. These included truncal 
vagotomy and pyloroplasty; hemigastrectomy; and interposed jejunal limb with conversion 
of a Billroth II to a Billroth I anastomosis. A, The upper curve shows rapid emptying before 
surgery. An antiperistaltic jejunal segment 10 cm long and conversion to a Roux en Y anas- 
tomosis and Billroth I] anastomosis were done. The lower curve, taken 2 weeks postopera- 
tively, shows a delay in emptying and a more normal curve. B, The concentration of the test 
meal in the antiperistaltic limb is seen (arrow). Despite this normal appearing curve the 
patient remained disabled due to persistent abdominal pain thought to be functional in origin. 
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onstrate the method and results. Further studies at varying times and a 
greater sample will be required; we are cautious about the clinical 
application of isotopic measurement of gastric emptying based on this 
limited and preliminary experience. 


Newer Techniques 


Malagelada et al.** have recently published data on a method that 
quantitates gastric secretion and emptying rates of a solid and liquid 
meal using constant duodenal perfusion with two nonabsorbable poly- 
ethylene glycol markers incorporated into the meal. Acid, pepsin, total 
gastric secretory rates, and the rate at which the meal and gastric sec- 
tions empty have been quantitated. The methods for calculations and 
statistical analysis are beyond our comprehension, but these investiga- 
tors showed that the stomach’ produced 800 cc of gastric juice in 
response to a 400 cc meal. Peak acid output occurred within 1 hour after 
eating and then decreased. Ten patients were studied and the method 
seems valid. It too was complex and the data are preliminary. 


CONCLUSIONS 


A variety of methods are available to assess gastric emptying. All 
have limitations. Intubation tests with newer modifications may allow 
quantification of gastric secretion and emptying. Of greater ease to the 
patient is radionuclide tests to assess emptying since intubation is not 
required. This test is not yet standardized. It varies with posture, meal, 
isotopes and time interval from surgery. Examples have been shown to 
demonstrate the technique and methods. Further information is needed 
and at present the clinical application of the test is limited and is used to 
understand physiologic changes in gastrointestinal disease.” 
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ELECTIVE SURGERY 


“When knowledge is translated into proper action we speak of it as 


wisdom.” 
William Mayo, Surg. Gynec. Obstet., 30:98-99, 1920. 


“Similar results follow dissimilar operations.” 
George Hallenbeck 


“Every operation for ulcer appears to be a success until it is found out.” 
Sir Ogilvie, as quoted. 


“The foundation of modern gastric surgery was the exploratory incision.” 
William Mayo, Surg. Gynec. Obstet., 36:447-453, 1923. 
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Symposium on Peptic Ulcer Disease 


A Review and Evaluation of Operative 
Procedures Used for Chronic Duodenal 
Ulcer 


Stanley O. Hoerr, M.D.* 


The modern gastric surgeon has available a variety of procedures 
which may be performed for chronic’ duodenal ulcer. Most surgeons 
agree that a vagotomy of some type should normally be performed to 
deal with the cephalic phase of gastric secretion. This is then normally 
accompanied by an additional procedure: a drainage operation to allow 
the atonic stomach to empty properly, or a limited distal gastric resec- 
tion both to cope with atony and to eliminate the antral phase of gastric 
secretion. Some of the older generation of surgeons still rely on a subto- 
tal gastrectomy (60 per cent more or less) without vagotomy as their 
standard operation. There continue to be circumstances where for one 
reason or another a satisfactory vagotomy cannot be performed, and it is 
well for us to remember that a subtotal gastrectomy without vagotomy 
will permanently relieve ulcer symptoms in 90 to 95 per cent of pa- 
tients.° 

Since the available operations have proven to be effective, in vary- 
ing degree, with curing duodenal ulcer disease, all who do gastric 
surgery should be familiar with the numerous surgical options, be able 
to perform the various procedures competently, and to use the one 
which seems best for the specific patient undergoing an operation. In 
selecting the appropriate procedure, we must be aware of the pertinent 
features characterizing the various options. 

Surgical procedures may be analyzed as to relative risk to life, effec- 
tiveness in curing the ulcer, freedom from significant side effects, and 
suitability from a technical standpoint for the specific anatomic situa- 
tion. Enough information is available to permit the surgeon to make an 
intelligent choice. 


*Emeritus Staff, Cleveland Clinic Foundation; Chairman, Department of Surgery, Fairview 
General Hospital, Cleveland, Ohio 


Surgical Clinics of North America—Vol. 56, No. 6, December 1976 1289 


1290 STANLEY O. HoERR 


ANALYSES OF REPORTS 


There are abundant reports in the literature of large series of pa- 
tients who have undergone various operations for duodenal ulcer.® * The 
net effect upon the student of this disease and its surgical treatment 
may be one of confusion and perplexity, since the patient composition or 
fundamental design of one study may be quite different from that of 
another, precluding meaningful comparisons between them. Factors af- 
fecting a report include its method of selecting patients, retrospective or 
prospective approach, randomized selection, duration and completion 
of follow-up, as well as the manner in which the follow-up is conducted. 
My experience has taught me that the selection of patients may influ- 
ence the results more than the selection of the operation. This fact is not 
emphasized in many reports and may not be ascertainable. And yet, to 
use an extreme example, if a given series contains a sizeable proportion 
of patients with minimal disease, the effect is first to reduce risk of 
surgery and hence the operative mortality, and second to improve 
results, since one would expect patients to do better generally than pa- 
tients with severe forms of the disease. This lack of absolute standards 
makes it difficult to determine from published reports which operation, 
if any, is best. 


Which Is the Safest Operation? 


Although surgeons disagree about the incidence of side effects and 
recurrent ulcers following gastric operations, there should be few argu- 
ments about mortality rates. A death is absolute. Even so, as noted 
previously, patient selection has its effect. Most reports distinguish be- 
tween mortality rates of operations performed electively and those done 
as an emergency. Today with improved anesthesia, better preoperative 
and postoperative pulmonary care, and careful selection of patients, all 
ulcer operations should be comparatively safe with a mortality rate less 
than 1 or 2 per cent. Several large controlled randomized series have 
shown no differences in operative mortality between gastric resection or 
vagotomy and drainage.® '* This does not mean that all operations are 
equally safe for a given patient. Exclusion of some patients because op- 
erative findings make a gastric resection hazardous is permissible even 
in randomized studies, as it should be. Thus the judgment and experi- 
ence of the operating surgeon are important factors even if hidden in 
these randomized studies as well. Second, most prospective studies are 
conducted by gastric surgeons who have had extensive experience with 
all ulcer operations. The results of these studies will not represent the 
mortality rates likely to be achieved by less experienced surgeons. My 
observations are that lesser operations (vagotomy and drainage) inevita- 
bly result in fewer deaths than procedures involving a gastric resection. 
In the largest series from this country, the mortality rate after 3500 
truncal vagotomy and antrectomy operations was 1.6 per cent while 
after 1000 truncal vagotomy and draining procedures it was 0.5 per 
cent.’ 
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Which Operation Has the Highest Cure Rate For Ulcers? 


The longer the follow-up, the greater the incidence of recurrent 
ulcers following operations for duodenal ulcer. In my experience I have 
seen a marginal ulcer appear after 26 symptom-free years following a 
gastric resection. Such cases are very unusual, however, and sufficient 
time has elapsed following the introduction for all currently employed 
procedures, except proximal gastric vagotomy, to permit legitimate eval- 
uation of their effectiveness in curing the ulcer. There is a general con- 
viction among surgeons that vatogomy combined with resection has the 
lowest incidence of recurrent ulceration, and this is supported by many 
reports with higher recurrence rates following vagotomy and drainage.» 
713 Even here the issue is clouded by the possibility that many recur- 
rences following vagotomy and drainage may be due to incomplete or 
‘jnadequate” vagotomies, although recurrences can and do take place 
after a complete vagotomy. The technical proficiency of surgeons varies, 
and the infrequent use of postoperative tests to assess the completeness 
of the vagotomy means that many surgeons have no accurate idea as to 
how “adequate” a vagotomy they have performed.!! 

Like tests for completeness of vagotomy, accurate quantitative 
studies of preoperative acid secretion are infrequently employed, and 
have not proved useful in predicting the likelihood of recurrent ulcer- 
ation in a given patient. A reliable test of this sort would be most helpful 
in directing surgeons to a maximum first operation (i.e., vagotomy and 
resection) in those patients demonstrably prone to recurrence by reason 
of very active gastric acid production. 

Finally, the reported recurrence rates with each operation are very 
variable. The recurrent ulcer rate after various operations has been 
summarized by Johnson.’ After gastric resection alone it has varied be- 
tween 0.9 and 15 per cent; after vagotomy and drainage 2.2 to 27.3 per 
cent and after vagotomy and resection O to 3.3 per cent. But despite 
such variability, most careful studies have consistently shown the 
lowest recurrent rates after vagotomy and resection.? Proximal gastric 
vagotomy will be discussed separately. 


Do the Postoperative Symptoms Differ With Each Operation? 


As Hallenbeck summarized, “Similar results follow dissimilar opera- 
tions.’® The Leeds-York study which compared subtotal gastric resec- 
tion, vagotomy and antrectomy, and vagotomy and drainage showed the 
incidence of epigastric fullness, bile vomiting, and nausea to be similar 
after each operation. As anticipated, greater weight loss followed gastric 
resection (with or without vagotomy) than vagotomy and drainage. Diar- 
rhea occurred more commonly after vagotomy than after resection 
alone. These findings have been substantiated in other reports. My ex- 
perience supports this and the existence of such sequelae detract from 
the subjective result in some 10 per cent of patients.* Certainly the an- 
ticipated decrease in many of these sequelae following vagotomy and 
drainage has not materialized. 
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Which Vagotomy? 


Today interest centers around which type of vagotomy should be 
done. Three vagotomies are available; truncal, selective, and highly 
selective. Truncal or total abdominal vagotomy is the one most widely 
used today. It is usually the simplest to perform, especially in the obese 
patient, and is relatively free from disabling side effects, although sig- 
nificant diarrhea may occur in an occasional patient (a probable in- 
cidence of not more than 1 or 2 per cent in my experience). Selective 
vagotomy or total gastric vagotomy, which preserves nerve branches to 
the liver and celiac plexus, has been carefully studied in several centers 
but most surgeons have not taken the trouble to master the technique. 
They have felt that it has yet to be proven superior to truncal vagotomy. 
From a theoretical standpoint, selective vagotomy is superior to truncal 
vagotomy in that it spares nerves not stimulating the parietal cells of 
the stomach. This may have a role in preventing ill-defined malfunc- 
tions involving the liver, pancreas, and bowel. One would anticipate in 
selective vagotomy an even lower incidence of disabling diarrhea, and 
most studies comparing selective and truncal vagotomy have shown 
this to be true.” 

Some investigators familiar with both truncal and selective tech- 
niques report more consistent results in reducing gastric hypersecretion 
and recurrent ulceration following selective vagotomy, and have attri- 
buted this to a more complete anatomic gastric vagotomy than is ac- 
complished with truncal vagotomy. These reports have recently been 
summarized by Cooperman.’ After an experience with more than 700 
truncal vagotomies, I find this difficult to believe. A more intriguing and 
satisfying explanation to me has based the success of this operation on 
physiologic and not anatomic reasons. Kelly et al.'4 suggested in 1966 
that selective vagotomy by leaving the celiac nerves intact might allow 
release of a humoral substance that could inhibit gastric secretion. This 
could be lost with truncal vagotomy. Whether this mediator is secretin, 
enteroglucagon, vasoactive intestinal polypeptide, gastric inhibitory pep- 
tide, or other candidate hormones is not yet known. 

Highly selective vagotomy, ultra selective vagotomy, parietal cell 
vagotomy, or proximal gastric vagotomy all describe the same opera- 
tion: denervation of the proximal half of the stomach with preservation 
of the nerves of Latarjet supplying antrum and pylorus. From a theoreti- 
cal standpoint this vagotomy is the most attractive of all since it de- 
stroys only the nerves directly stimulating the acid-producing parietal 
cells. There have been enthusiastic reports on large series of patients 
both from England and Denmark, and the operation is being tested 
clinically in several centers in the United States.!?»4 It seems to be suc- 
cessful in many patients without the addition of a drainage procedure, 
an obvious advantage over both truncal and selective vagotomy. It is 
conceptually simple, and is certainly as safe as any operation for duo- 
denal ulcer. Of the 5539 cases summarized by Johnston,! the operative 
mortality has been 0.3 per cent. Another attractive feature is that it is 
most unlikely to produce irreversible damaging side effects. Certain 
questions can only be settled by careful follow-up studies and the elapse 
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of time. Will proximal gastric vagotomy prove to be as effective in 
severe ulcer disease as the more extensive operations? If not, what are 
the indications for its use? Certainly the theoretical advantages have 
been substantiated in clinical trials. Diarrhea, dumping, epigastric 
fullness, and bile vomiting are reported to occur less often than follow- 
ing other gastric operations. The technique of performing proximal gas- 
tric vagotomy is of great importance, and as with any new and different 
procedure, those surgeons wishing to try it should first learn how to do 
it, no matter how proficient they may be in truncal vagotomy and gastric 
surgery. It may also be wise for surgeons not working in centers to per- 
mit more time to elapse for its evaluation by those surgeons studying it. 


Antrectomy or Drainage? 


Currently in this country, the most popular operation for duodenal 
ulcer is antrectomy or limited distal gastrectomy (25 to 40 per cent) of 
the stomach (depending on the surgeon who is doing the estimating), 
combined with truncal vagotomy. The reconstruction may be either of 
the. Billroth I or Billroth II variety. The end results of this operation 
have been thoroughly studied by many different surgeons with the 
unanimous observation that it is one of our most effective procedures for 
eradicating the ulcer diathesis.” 1° '° The incidence of recurrent ulcer- 
ation is rarely reported as greater than 1 or 2 per cent. Yet there are 
disadvantages to be considered. In my experience, as previously noted, 
any type of gastric resection for chronic duodenal ulcer, even when per- 
formed electively, will result in a higher mortality rate than do the 
various drainage procedures. My mortality rate for elective vagotomy- 
hemigastrectomy (my experience is confined to the Billroth II recon- 
struction) is just over 3 per cent, as opposed to 0.7 per cent for vagot- 
omy-drainage.® Experienced gastric surgeons agree that a gastrectomy 
should be avoided if the pyloric area is involved in an inflammatory 
mass, and under these circumstances will by choice use a drainage 
procedure such as a gastroenterostomy to avoid a technically difficult 
and dangerous operation. Another factor to be considered is that in- 
creased incidence of weight loss, reflux gastritis, and probably dumping 
occurs after this operation; it may be wise to avoid a gastric resection in 
patients with a marked functional overlay. 


Which Drainage Procedure? 


Conventional two-layer (with inversion of the inner layer) Heineke- 
Mikulicz pyloroplasty did not work well with truncal vagotomy, until 
Weinberg"® introduced the single-layer anastomosis which resulted in 
a larger lumen and permitted better gastric emptying. I still use this 
pyloroplasty if there is little or no scarring in the pyloric area, because it 
takes advantage of the antral contractures. The Finney pyloroplasty, in 
my experience, has a somewhat better record in long-term results than 
the Heineke-Mikulicz, and a wider applicability. The Jaboulay proce- 
dure, a side-to-side gastroduodenostomy, is a modification of the Finney 
pyloroplasty (merely avoiding cutting across the pylorus). In recent 
years I have used it more than either the Finney or the Heineke- 
Mikulicz. It is especially useful if there is scarring or inflammation 


1294 STANLEY O. HoERR 


localized to the pyloric area, when the Finney or Heineke-Mikulicz 
pyloroplasties should not be attempted. An incidence of recurrent ulcer- 
ation of up to 10 per cent is to be expected after any one of these 
drainage procedures with a truncal vagotomy, and another operation is 
required to correct it in at least half the patients with recurrent ulcer. 
One should use the drainage procedure which-seems to be appropriate; 
if all are suitable, one should use the one with which he is most familiar 
and satisfied. 

A gastrojejunostomy may be the preferred drainage procedure if scar- 
ring or inflammation renders dissection of the pyloric area difficult and 
dangerous. A variety of gastrojejunostomies is available: antecolic, retro- 
colic, dependent, isoperistaltic, antiperistaltic cross-cut. I prefer the ante- 
colic dependent cross-cut gastrojejunostomy to be placed near the pylorus 
at the greater curvature of the stomach in the majority of instances where 
this type of drainage procedure is indicated. The technical ease of accu- 
rate placement of the gastrojejunostomy without becoming involved 
with the mesocolon has appealed to me. The results in my hands have 
been equivalent to retrocolic gastrojejunostomies, despite a presumed 
theoretical advantage of a shorter jejunal loop in the latter. In a lengthy 
follow-up experience, proved or probable recurrent ulceration has taken 
place in more than 13 per cent of the patients, with a second operation 
required in about 8 per cent.’ Although gastrojejunostomies have fallen 
out of favor, I believe surgeons will do well to bear them in mind, and to 
consider using one in the occasional situation where it is best and 
safest. In the study of Goligher et al.> it proved superior to pyloroplasty 
when accompanied by truncal vagotomy. 


PERSONAL RESULTS AND OBSERVATIONS 


Over the past 25 years I have operated upon more than 650 patients 
for duodenal ulcer disease with a long-term follow-up of about 95 per 
cent.§ A pattern has emerged in that in terms of patient satisfaction (ir- 
respective of recurrent ulceration which can almost always be corrected 
by another operation —usually a gastric resection if not done previously) 
there appears to be a permanent group of about 10 per cent of patients 
who are not happy with the results, no matter which operation was 
done. This applies equally to vagotomy-antrectomy and to vagotomy- 
drainage. It is also apparent in my results of surgery for gastric ulcer, 
where recurrent ulceration is rare: about 10 per cent unhappy patients. I 
suspect it will be found to apply to “proximal gastric vagotomy” as well, 
since this is a group of patients with a combination of temperamental 
factors and functional gastrointestinal symptoms unlikely to yield to any 
type of treatment, including psychotherapy and surgery. My personal 
bias through the years has been to perform any of the operations 
referred to in this paper (except proximal gastric vagotomy, with which 
I have had no experience) as the circumstances seemed to warrant. I 
went through a period (1950-1952) during which I was performing 
mostly truncal vagotomy and posterior gastrojejunostomy, but occa- 
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sional gastric resections as well. When the rate of recurrent ulcerations 
seemed to be unacceptably high, I turned for a period of years (1953- 
1957) to truncal vagotomy and hemigastrectomy. When some patients in 
this group died that I thought might have survived a simpler operation 
(no gastric resection), I embarked upon truncal vagotomy and pyloro- 
plasty (1958-1966) as the procedure of choice, again using other opera- 
tions as it seemed appropriate. In 1967 truncal vagotomy with the 
Jaboulay procedure became my favorite, but with many instances of the 
other operations interspersed. If I were a younger surgeon, I would 
learn the technique of proximal gastric vagotomy and use it where it 
seemed to be the best choice. 

Factors other than the procedure performed affect long-term re- 
sults. There has been a widespread belief that, for whatever reason, 
women do not do as well as men following gastric surgery. This belief is 
substantiated in my own practice, where poor results in women are 
twice as frequent as they are in men, and not necessarily due to recur- 
rent ulceration. To me this has meant an avoidance in women of a gas- 
tric resection, with its higher incidence of postoperative gastric woes. It 
has also suggested to me that women whose operations are performed 
for intractable pain, and who have no evidence of obstruction, may well 
be the best candidates for proximal gastric vagotomy without drainage. 

An unexpected finding in my follow-up studies was that if the prin- 
cipal indication for vagotomy and gastrojejunostomy had been obstruc- 
tion, a second operation was needed in less than 2 per cent of the pa- 
tients, whereas if vagotomy and gastrojejunostomy were done in a 
patient who had had serious bleeding in the past, second operations for 
recurrent ulcer were done in 15 per cent! This fact has made me lean 
toward vagotomy with antrectomy for patients who had a history of 
hemorrhage, whereas it would seem to be unnecessary to perform the 
more extensive operation for simple obstruction. 


CONCLUSIONS 


It should be clear from the foregoing that no one operation has 
emerged as the one to be used for all patients requiring surgery for 
chronic duodenal ulcer, although currently the favorite appears to be 
truncal vagotomy with antrectomy. The last word is not yet written on 
the place of selective and proximal gastric vagotomy: they may well as- 
sume an increasingly important position in the armamentarium of the 
surgeon. 

Let us stay open-minded and flexible, and let us consider all factors 
that might apply to the patient we are operating on in deciding what we 
are going to do: risk of death, sex, technical difficulty, and reason for 
operation including obstruction (bias toward vagotomy-drainage) and 
hemorrhage (bias toward vagotomy-antrectomy). Let us keep accurate 
records and report our long-term results accurately and completely so 
that others may benefit not only by learning of our successes but also of 
our failures. 
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Symposium on Peptic Ulcer Disease 


Facts and Heresies About Vagotomy 


J. H. Baron, D.M., F.R.C.P.,* and J. Spencer, M.S., F.R.C.S.t 


When a surgeon opts to perform a vagotomy, on what basis does he 
make his decision? Vagotomy is always optional: alternative procedures 
are available in each surgical situation. As newer and more refined va- 
gotomy techniques become available, by what criteria should they be 
judged? To provide an interim background picture for the surgeon we 
make in this article a number of statements which we have labelled 
“facts” or “heresies” according to our assessment of the available evi- 
dence. 


FACTS 


1. Vagotomy Is Safe 


We surveyed the available literature!® and in published reports and 
we found an operative mortality of 0.8 per cent in 6490 patients who 
had elective truncal vagotomy and drainage, and 1.6 per cent in 1725 pa- 
tients who had truncal vagotomy and antrectomy. The operative mortal- 
ity for elective partial gastrectomy is at least 1 to 2 per cent. Published 
reports have confirmed this trend, although in clinical trials by experi- 
enced gastric surgeons zero mortality has been achieved for elective 
gastrectomy.”® 


2. Proximal Gastric Vagotomy Is Safest 


Johnston* recently wrote to 43 surgeons who perform the new 
operation. Each replied, and as a group reported 17 deaths after 5539 
elective operations (0.3 per cent). The causes of death were: necrosis of 
the lesser curve or fundus (5), myocardial infarction (4), pulmonary em- 
bolism (3), pneumonia/respiratory failure (2), one death each of intraperi- 
toneal haemorrhage, erosive gastritis and mesenteric vascular occlusion. 
We have had no deaths in our series. 

Johnston compared this overall mortality of 0.3 per cent with our 
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mortality estimates from published reports!’ of 0.8 per cent with truncal 
vagotomy and drainage, and 1.6 per cent for truncal vagotomy and an- 
trectomy. 

One-half the 17 deaths were due to thrombosis or embolism, and 
Johnston suggested that these might have been prevented by low-dose 
heparin. Five of the deaths were due to necrosis of the lesser curve or 
fundus, presumably an ischemic complication of baring the lesser curve 
in this operation, and particularly frequent in patients in renal failure. 


3. Proximal Gastric Vagotomy Has Least Sequelae 


POSTOPERATIVE. Ina collected series of 5539 patients'® there was 
delay in gastric emptying lasting 3 days or more in 0.7 per cent in the 
early postoperative period, and seven of these 36 patients (0.1 per cent) 
needed reoperation. Another 35 needed a drainage procedure in subse- 
quent months, for a total reoperation rate for retention of 0.8 per cent. 

FoLtLow-Up (Table 1). In the two controlled trials of comparing 
proximal gastric vagotomy against selective vagotomy and drainage 
with either pyloroplasty® or gastrojejunostomy,” the incidence of all 
postvagotomy sequelae was less, and usually significantly less, in the 
proximal gastric vagotomy group. Severe dumping and diarrhea oc- 
curred rarely, if at all. The more frequent and more severe side effects 
noted after selective vagotomy may not have been due to denervation of 
the antrum in this procedure as compared with proximal gastric vagot- 
omy, but may have been due to the associated drainage procedure. To 
date, the rational basis of the new vagotomy in leaving an innervated 
antral pump, and an intact pylorus, seems borne out by a low incidence 
of postoperative sequelae. In our unpublished series the incidence of 
Visick I grading is significantly higher after proximal gastric vagotomy 
than after truncal vagotomy and antrectomy. 

Moreover, patients after proximal gastric vagotomy showed a mean 
increase of nearly 3 kg in weight the year after operation, whereas the 
control group, after truncal vagotomy and antrectomy, had a mean loss 
of nearly 2 kg. The difference in weight change between the two groups 
was Statistically significant. 


4. Proximal Gastric Vagotomy Is an Effective Acid-Reducing 
Operation 


The reduction in acid output after proximal gastric vagotomy is 
about 80 to 90 per cent for basal, 50 to 60 per cent for pentagastrin, and 
60 to 90 per cent for insulin-stimulated secretion (Table 2). These reduc- 
tions are similar to those after selective vagotomy in controlled trials, 
and to selective or truncal vagotomy and antrectomy, or after partial 
gastrectomy with or without vagotomy.® The residual absolute values for 
basal, pentagastrin, and insulin-stimulated acid outputs are also similar, 
and serial measurements of acid secretion over the few years since 
proximal gastric vagotomy has been first performed have shown little 
variation with time. 

Thus the new vagotomy is as effective in reducing gastric acid 
secretion as the older vagotomies, but no better. If reduction of acid 
allows duodenal ulcers to heal, and if the smaller the reduction the 
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Table 2. Gastric Acid Secretion After 
PROXIMAL GASTRIC 
VAGOTOMY 
Maximal Insulin 
Basal mmol per hr mmol per hr 
TIMING mmol per hr per cent per cent 
SOURCE DATE MonrTus n per cent reduc- reduction reduction 
tion 
Liavag and 
Roland** 1971 2-3 41 1.2 G7 
72% 64% 
Liavag and 
Roland** 1973 12-24 71% 56% 
Moberg and 
Hedenstedt®! 1972 1 63 75% 
Wastell 
et al. 1972 Y/3 16 14.5 
58% 
Wastell et al.” 1974 Yo 47 15-22 
44-58% 
Clark 
et al.” 1973 Vp 16 Sul 11.6 
21% 70% 
Imperati et al.** 1972 Y/3 81 1.8 11.4 
81% 69% 
Grassi et al.”’ 1973 3-24 62 80-85% 
Johnston et al.** 7 1973 V4 27 0.4 13.6 0.5 
92% 56% 86% 
2-3 48 0.6 10.8 ie 
88% 68% 
6-12 24 0.5 G3. S38) 
87% 55% 
12-24 46 ileal 15.5 3.6 
80% 56% 
Clarke et al. 1972 3 20 0.8 12.6 1.2 
74% 71% 96% 
Kronborg , 
and Madsen*’ 1975 Ys 50 19.7 
Stadaas” 1975 3: 10 1.4 15.6 
88% 62% 
Vatn et al.” 1975 2 vi 1.4 16.1 10.1 
67% 44% 61% 
Lyndon et al.** 1975 36 17. 3.1 
60 20 3.5 
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Proximal Gastric Vagotomy 


PROXIMAL GASTRIC 


CONTROLLED TRIAL COMPARISON 


VAGOTOMY 
Insulin— Basal Maximal Insulin Insulin — 
Basal mmol per hr mmol per hr mmol per hr Basal 
mmol per hr per cent per cent per cent mmol per hr 
per cent Operation n reduction reduction reduction per cent 
reduction reduction 
PGV+ , 
Pyloro- 20 16.9 NS 
plasty 56% 
41 16-41 
57% 
100% 
Selective 20 15.7 ilgal PIO) NS 
Vagotomy 80% 61% 92% 42% 
4.2 Selective 50 20.3 4.2 NS 
Vagotomy 57% 
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higher the recurrent ulcer rate, then proximal gastric vagotomy should 
have an incidence of recurrent ulcer similar to other vagotomies. 


5. Long-Term Results of Proximal Gastric Vagotomy Are Uncertain 


The recurrence rate after proximal gastric vagotomy has been re- 
ported from ten centers, but in all of these the length of follow-up is a 
few years only and the criteria for recurrent ulcer vary. The extent of 
denervation in centimeters from the pylorus has also varied in different 
centers, as has the reduction in acid secretion . 

From the uncontrolled series one might infer that the incidence of 
recurrent ulceration is probably as low as, or lower than that of other 
vagotomies; a similar inference can be drawn from the few controlled 
trials (Tables 1 and 3). Recurrence after truncal vagotomy may appear 
late, so we need longer follow-up before coming to any long-term defini- 
tive assessment. 

However, no operation to date for the treatment of duodenal ulcer 
has yielded a high ultimate incidence of recurrence following a low ini- 
tial recurrence rate. Indeed, although with some operations ‘‘recur- 
rence” has been seen as late as 30 years after surgery, after all opera- 
tions most recurrences (by which term we include stomal ulcers if 
gastroenterostomy has been performed) were within the first 2 years 
after operation . 

Against this background it seems unlikely that proximal gastric 
vagotomy will produce a higher recurrence rate than vagotomy and 
drainage, although recent trends suggest it may be about the same. 
These inferences may be incorrect, and no firm conclusions can be 
drawn concerning the long-term results of this operation until much 
larger 5-year follow-up series are available. 


HERESIES 


6. All Vagotomists Are Equal 


There have been two studies of the results of insulin tests after 
operations by surgeons in the same center but of different experience. 
In Sheffield* there were “early positive’ Hollander responses in 13 of 
54 patients whose vagotomies had been performed by surgeons in train- 
ing, but in none of 73 patients vagotomised by experienced surgeons. 
One of Kay’s surgical trainees’ first 24 vagotomies showed the following 
pattern of early positive/negative responses: 


1234567891011 1213 14 15 16 17 18 19 20 21 22 23 24 
+ +——++ 4 + 


However, in nearby Leeds*! the mean percentage of “incomplete” trun- 
cal vagotomies (positive Hollander) by nine consultant surgeons (18 per 
cent) was higher than those of 15 senior registrars and registrars (12 per 
cent), even though the range was smaller in consultants (8 to 45 per 
cent) than in their assistants (0 to 52 per cent). Results after selective 


1303 


FACTS AND HERESIES ABOUT VAGOTOMY 


0 0 0 0 ial 9L61 ozPUOUISEG 
%yGT AGT i c-0 09% 9L6L eg UVULOOH 
HOT if 006 GL6T op SL0quOIY pue Usspeyl 
%G G P at I ZhQ-FAES OOT CGL6L se [8 39 WOpUAT 
WC IT WCC (bil r-0 os GL6I <cUaspey] pue s1oquory 
%9 € G HG I if Ct GL6L z[@ 9 URW YOY 
WE 6 ME z Gh; 19 CGL6I rT 
YG I MG I p-1 os SL6I oe [e 9 Apouuay 
WF v We P tal OOT PL6L ey [Te 19 [TOISeM 
MG c € HG % TaG 801 PLOL ¢Te Je dnipury 
%Q € € IS €L61 zIPeIsUapey] pue s1aqo 

0 0 G6 CLG €L61 ,cpuefoy pue SeAery 
MT I AIT if Ch 8L €L6L scPlY 99019 pue Issery 

INAS Wad hy BOW, é JUI90 IOdg 18 SUVaHA u ALVa aounos 
ALINIAAG dN-MOTTIOA 


qaOTO LNA NOAY 


SS eT —_——————E—E—EO eS eee eee eee ee eee 


49911] [DUapoONG LOf hwWoOOHYA I111SDH [VWIXOL_ LaIfY 129] Q fo aouatinoay “gE alqey, 


1304 J. H. BaRon AND J. SPENCER 


vagotomy were similar, but there was a marked decrease in the in- 
cidence of positive Hollander responses after selective vagotomy during 
the years 1966 to 1970. 

In Lund®® the operation of proximal gastric vagotomy has been per- 
formed either by two gastric surgical specialists or by 18 “general” 
surgeons (Table 4). Two months after the ‘operation, the 60 patients 
operated by general surgeons showed significantly higher basal, peak 
pentagastrin, and peak insulin-stimulated acid output than the 39 pa- 
tients operated by gastric surgeons. One year after vagotomy not only 
were the differences still present, but the patients operated on by “gen- 
eral” surgeons had more than twice as much acid in response to insulin 
as the patients operated by gastric surgeons, and also showed five times 
the incidence of recurrent ulceration. 

Until recently vagotomists used the qualitative criterion that an 
insulin test yielded either a positive or a negative result, and that vagal 
innervation was either present or absent. It is now more generally recog- 
nized that a surgeon does not cut all or none of the vagal fibers to the 
stomach, and that the higher the peak acid output the more parasym- 
pathetic fibers remain. This quantitative approach to vagally mediated 
gastric secretion is only presumptive in man, but now has experimental 
support.®* 

Acid tests are therefore of value to the surgical team in assessing the 
completeness of their vagotomies; this may help to improve technique 
and reduce the incidence of recurrent ulceration . 


7. Vagotomy Cures Gastric Ulcer 


Classification 
Gastric ulcer is probably multifactorial in etiology as well as a heter- 
ogeneous disease. A distinction should probably be made*® *® between: 


I. Ulcers of the body of the stomach associated with gastritis and hyposecre- 
tion. The rationale of partial gastrectomy for such gastric ulcers is not to 
correct hypersecretion, as in duodenal ulcer disease, but to remove the ulcer 
and that part of the stomach most susceptible to ulceration. Both gastrec- 
tomy and vagotomy aim to reduce the already low gastric acid secretion still 
further, so that peptic digestion of the gastritic residual gastric mucosa is 
prevented. An incidental aim is also to remove the ulcer to confirm that it is 
benign. 

II. Prepyloric ulcers of the antrum, usually associated with gastric hypersecre- 
tion, and possibly best treated by surgeons (by vagotomy and/or resection) as 
if they were duodenal ulcers. 

III. Gastric ulcers associated with duodenal ulcers, which may be associated 
with duodenal ulcer-like hypersecretion, and therefore possibly treatable 
with an acid-lowering procedure. 


VAGOTOMY AND AcID REpucTIon. After truncal vagotomy in 25 pa- 
tients basal acid output was reduced by 80 per cent, and maximum his- 
tamine acid by 73 per cent in 11 prepyloric/body ulcers, and 81 per cent 
in seven combined ulcers. One of the patients with gastric ulcers failed 
to heal and was shown to have an incomplete vagotomy. One of the 
seven patients with combined ulcers needed a further gastrectomy for 
recurrence and was shown to have a complete vagotomy’ Truncal 
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vagotomy reduced maximum pentagastrin-stimulated acid output by 65 
to 70 per cent and healed each ulcer in 16 patients with combined gas- 
tric and duodenal ulcers.’ In 50 patients with gastric ulcers alone trun- 
cal vagotomy was added to pyloroplasty in those 22 with peak acid out- 
put after histamine more than 15 mmol per hr, with a 76 per cent reduc- 
tion in peak acid output and no recurrence ina 1 to 9 year follow-up.' 

Proximal gastric vagotomy reduced basal acid output by 76 per cent 
and peak pentagastrin output by 66 per cent in 14 patients with gastric 
ulcer alone and 57 per cent in four patients with combined ulcers” and 
similar reductions (basal 90 to 100 per cent; maximal 75 per cent) were 
seen in 32 patients with types I and III gastric ulcers.” 

Pyloroplasty. Patients with gastric ulcer have been treated by 
pyloroplasty alone, but with high rates of recurrence, e.g., three of three 
patients,” four of 18° two of four.7! When pyloroplasty alone was done 
in patients with gastric ulcer alone with peak acid output after his- 
tamine less than 15 mmol per hr, four of 28 recurred in a 1 to 9 year 
complete follow-up! 

Vagotomy for gastric ulcer was introduced by Harper and Drag- 
stedt.2° In a comparison of published uncontrolled series Duthie?! noted 
that the mortality of the 375 vagotomies (1.4 per cent) was lower than 
the 1252 Billroth I partial gastrectomies (1.8 per cent), but the recur- 
rence rate was higher after vagotomy (5.2 per cent) than after gastrec- 
tomy (1.5 per cent). Duthie et al.’ therefore carried out a randomized 
controlled trial without operative deaths in either group, but with signif- 
icantly greater immediate postoperative morbidity and a significantly 
longer hospital stay in the 50 patients treated by 50 per cent Billroth I 
gastrectomy than the 50 treated by truncal* or selective? vagotomy and 
pyloroplasty. 

A 5-year follow-up”? revealed that five patients had recurrent ulcers 
after vagotomy (three required reoperation) and two had recurrences 
after gastrectomy (both treated medically). Four other vagotomized pa- 
tients required later gastrectomy (three for gastric cancer, one for hem- 
orrhage, and one for persistent diarrhea), a total of 7 reoperations after 
vagotomy, and none after gastrectomy. Overall good results (Visick I 
and II) were found in 78 per cent after gastrectomy and 68 per cent 
after vagotomy, with bad results (Visick IV) in 8 per cent after gastrec- 
tomy and 20 per cent after vagotomy. This difference did not quite reach 
a level of statistical significance but allowed the conclusion that “‘No ev- 
idence has been provided to support the abandoning of Billroth I partial 
gastrectomy in the treatment of gastric ulcer.” 

CONCLUSION. There are only scanty data on the acid-lowering ef- 
fects of different types of operation for gastric ulcers, and indeed it is 
not certain that acid reduction is the principal objective of operations 
for this disease. At present, therefore, a rational policy is not possible, 
and we empirically prefer a Billroth I partial gastrectomy to a vagotomy 
and drainage operation, guided by comparisons between these two 
procedures in the published literature and in the controlled trial. 
Whether or not controlled trials eventually show an acceptable recur- 
rence rate of gastric ulcer (or carcinoma) after a vagotomy, it seems 
probable that patients will have less sequelae such as steatorrhoea after 
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proximal gastric vagotomy.** Bleeding gastric ulcers may well be treated 
best by vagotomy and pyloroplasty." 


8. Vagotomy Is for Normosecretors 


More than two-fifths of 75 British gastroenterological surgeons, and 
more than four-fifths of a sample of gastric surgeons in the United 
States® did acid tests in patients with duodenal ulcer and then used 
vagotomy only in normosecretors, and performed additional antrectomy 
or a partial gastrectomy in the hypersecretors. We do not agree with this 
practice.’ 

There is a wide range of maximum acid output in patients with 
chronic duodenal ulcer. One aim of gastric surgeons is to reduce gastric 
acid secretion below an ulcer threshold. If acid-lowering operations tend 
to reduce gastric acid by a fixed amount or a fixed percentage, a patient 
with a high acid output needs an operation with a more acid-lowering 
effect than a patient with a lower acid output.® 

Somervell and Orr*® introduced the concept of selective surgery for 
duodenal ulcer by advocating gastrojejunostomy for patients without 
very marked hyperacidity, and partial gastrectomy for those with excess 
hyperacidity. There have been more than 13 such schemes in which 
various increasingly radical operations with greater acid-lowering effect 
have been used for patients with higher acid outputs. A review of their 
results® found few convincing follow-up studies. Carefully collected 
data came from Edinburgh® where about 25 per cent of patients who 
used to be subjected to Polya gastrectomy are now treated by other 
operations with, however, only slight reductions in mortality and recur- 
rent jejunal ulceration. 

An adequate vagotomy operation is an appropriate operation for al- 
most all patients with chronic duodenal ulcer, if judged merely by the 
criterion that acid secretion of nearly all patients after this operation 
falls below the mean value of the normal population.” More radical 
surgical operations, such as partial gastrectomy with or without vagot- 
omy, reduce acid secretion more effectively than the less radical opera- 
tions of vagotomy and/or drainage, but we doubt if they are necessary 
and justifiable in view of their possible increased mortality and morbidi- 
ty.® 

Preoperative basal acid output and maximum acid output did not in- 
fluence the postoperative incidence of recurrence or side effects after 
gastrojejunostomy" or partial gastrectomy.® For vagotomy and drainage 
operations the data are conflicting. In three British series’® "8 recur- 
rent ulcer was equally common in the lower and upper halves of the 
range of preoperative maximum acid output. These British series are 
small and none of them can be compared with the 99 per cent follow-up 
study by Kronborg™ of 500 patients 6 to 8 years after vagotomy and 
pyloroplasty. In this Copenhagen series, recurrent ulceration occurred at 
an unacceptably high rate of 21 per cent in that third of men with 
duodenal ulcer whose preoperative maximum acid output was more 
than 46 mmol per hr. 

We suggest that the problem, whether preoperative acid studies are 
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of prognostic value, would be clarified if other centers published their 
data. To date, policies of selective surgery have not proved their useful- 
ness, nor have there been prospective randomized trials of such policies. 
We believe that vagotomy is a suitable basic operation for patients with 
duodenal ulcer (except gastrinoma or antral G-Cell hyperplasia), what- 
ever their acid status. It is possible that a more radical procedure should 
be selected as a first operation for patients with marked hypersecretion 
but data to decide this point have not been published. 

When Johnston et al.*#2 retrospectively compared the 2 to 5-year 
results of 40 hypersecretors (peak acid output after pentagastrin in men 
more than 50 mmol per hr, women more than 40 mmol per hr) and 60 
normosecretors (peak acid output in men 30 to 50 mmol per hr, women 
25 to 40 mmol per hr) the reductions in peak acid output after proximal 
gastric vagotomy were similar (52 per cent and 48 per cent), there were 
no proven recurrences in either group, and there was no significant dif- 
ference between the incidence of postoperative symptoms. Obviously, 
since the whole series contained no recurrences it was not possible to 
compare the recurrence rates in the normosecretors and hypersecretors. 

However, in the series with the highest published recurrence rate, 
11 recurrences produced by seven surgeons in 50 patients, the mean 
preoperative peak acid outputs in the nine men with recurrence (45.1 
mmol per hr) was similar to the 27 men without recurrence (49.2), and 
the preoperative peak acid output of the two women with recurrence 
(17.0 and 24.6 mmol per hr) was lower than the mean for the 12 women 
without recurrence (39.8 mmol per hr).*° 


9. Vagotomy Sequelae Are Due to Vagotomy 


For decades all published series of the results of gastric operations 
recounted the incidence of nausea, vomiting, dumping, and diarrhea, 
and it has generally been assumed that these symptoms after vagotomy 
are due to the vagotomy, and do not exist in health. 

Kennedy et al.,°° in addition to their randomized control trial of 50 
patients treated by proximal gastric vagotomy, and the 50 by selective 
vagotomy and gastrojejunostomy, interviewed a control group of 56 age- 
and sex-matched patients with no known gastrointestinal disease (Table 
5). The incidence of miscellaneous “‘postvagotomy symptoms” was simi- 
lar in the healthy controls and there was no significant difference 
in the Visick I (no symptoms) between the group of patients with duo- 
denal ulcer who had been treated by proximal gastric vagotomy (60 
per cent) and the healthy subjects (77 per cent). Thus with the excep- 
tion of recurrent ulceration and bile vomiting, patients with proximal 
gastric vagotomy merely have a similar incidence of minor gastrointes- 
tinal symptoms to the control population. 

Kennedy et al.*® assessed their postvagotomy symptoms by inter- 
view, but Edwards et al.2> measured fecal fat in a metabolic ward and 
found steatorrhea (> 6 gm per day) in five of 11 patients after truncal 
vagotomy and pyloroplasty, one of nine after selective vagotomy and 
pyloroplasty, one of nine after proximal gastric (highly selective) vagot- 
omy and one of 16 patients with duodenal ulcer before any operation. 
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Table 5. Incidence of Alimentary Symptoms in 50 Patients 
1 to 4 Years After Proximal Gastric Vagotomy and in 86 Hospital 
Controls Without Gastrointestinal Symptoms (Kennedy et al.*°) 


PROXIMAL GASTRIC 


VAGOTOMY HOSPITAL CONTROLS 
PER CENT PER CENT 

Nausea 10 4 
Food Vomiting 10 5 
Bile Vomiting 2 6) 
Heartburn 14 18 
Flatulence 18 13 
Visick I 60 ae 

II 36 we 

Ill 2 0 

IV 2 0) 

I+II 96 100 


10. Vagotomy Necessitates Drainage 


TRUNCAL. When Dragstedt first performed truncal vagotomy alone 
for duodenal ulcer he found that gastric retention was common. As a 
result, for the past 30 years the operation of truncal vagotomy has been 
accompanied by either gastrojejunostomy or pyloroplasty. 

SELECTIVE, When selective vagotomy was introduced various 
groups tried again to avoid drainage procedure, but retention was once 
more a major problem,® 7° as could be expected from the animal 
studies.” Burge et al.!' remained more optimistic at first, but later ac- 
cepted proximal gastric vagotomy as preferable. When Clarke et al.!’ 
tried selective vagotomy without drainage in 15 patients with duodenal 
ulcer, each developed gastric stasis, and three developed a gastric ulcer, 
two of whom required reoperation. 

PrRoximMAL Gastric. When Holle and Hart** introduced selective 
proximal vagotomy they always added a drainage procedure or resection, 
and their group still does. The experimental evidence”? suggested that 
gastric stasis did not occur if antral innervation was preserved. As a 
consequence both Johnston and Wilkinson** * and Amdrup and Jensen‘ 
began their series without drainage procedures, and Hedenstedt*! was 
also later able to omit pyloroplasty from his selective proximal vagot- . 
omy.*! Moreover, the controlled trial of Wastell et al.” showed that the 
addition of pyloroplasty to proximal gastric vagotomy increased the in- 
cidence of epigastric fullness and dumping, and worsened the overall 
Visick I (perfect results) from 63 per cent to 36 per cent. 

In our controlled study*® of the gastric emptying of isotopically 
labelled meals, 1 month after operation patients who had undergone 
vagotomy and antrectomy had a significantly slower emptying than the 
control group. After 4 months this was returning towards normal, and 
by 6 months no difference between this group and the controls could be 
observed. At no stage did the patients treated by proximal gastric va- 
gotomy show significant differences from the controls. These findings 
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correlated well with our clinical assessment 1 month after operation 
when 10 patients after antrectomy had moderate to severe symptoms of 
epigastric fullness, whereas this symptom was present in only five pa- 
tients after proximal vagotomy, this difference being statistically signifi- 
cant. These symptoms abated later, as gastric emptying returned to nor- 


mal. 


» 
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Selective, Highly Selective, or Truncal 
Vagotomy? 


In 1976—A Clinical Appraisal 


David Johnston, M.D., Ch.M., F.R.C.S.* 
and J. C. Goligher, Ch.M., F.R.C.S.+ 


The stomach is, first and foremost, a reservoir. It is a muscular bag, 
equipped with sphincters at either end: the cardiac sphincter prevents 
reflux of gastric content into the esophagus, while the pylorus, which is 
now acknowledged to be a true sphincter,”! acts in concert with the an- 
trum and proximal duodenum both to regulate gastric emptying and to 
prevent reflux of potentially injurious bile salts into the stomach. The 
muscular bag acts both as a “hopper,” which receives and holds the 
meal by receptive relaxation of the body and fundus, and as a “mill” 
which grinds solid food into smooth chyme, suitable for digestion and 
absorption in the small intestine. The antrum is the mill of the stomach. 
By its terminal antral contraction the stomach is able to discriminate be- 
tween solids and liquids, liquid chyme passing onwards, while solid food 
is retropelled into the body of the stomach to undergo further tritura- 
tion.’ Emptying of a meal from the stomach is thus a gradual and or- 
derly process, controlled in large measure by the antropyloroduodenal 
segment, which is itself under the control of nerves and hormones. 

All the standard operations for peptic ulcer destroy or severely im- 
pair these functions of the stomach. Both partial gastrectomy and vago- 
tomy with antrectomy (V+A) remove the entire antrum and pylorus. 
Complete gastric vagotomy with a drainage procedure (V+D) destroys or 
bypasses the pyloric sphincter, destroys or bypasses the terminal antral 
contraction, and cuts the motor nerve supply to the antral mill. Thus 
V+D renders the stomach incontinent of liquids (when the patient is sit- 
ting or standing), and as a result side effects such as dumping or diar- 
rhea may ensue.!!:7* There is now much evidence that the antrum, 
pylorus and duodenum can be left completely intact in the course of 
operations for peptic ulcer, and that vagal denervation can be confined 
to the acid-secreting part of the stomach. If that is true, it follows that 
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peptic ulcers can be cured with less risk to life, fewer side effects and 
fewer long-term metabolic sequelae than ever was possible in the past. 

The operations of truncal, selective, and highly selective vagotomy 
have been used both in the treatment of patients with gastric ulcer and 
in the treatment of patients with duodenal ulcer. We will discuss the 
surgical treatment of duodenal ulceration first and then that of gastric 
ulceration. 


DUODENAL ULCER 


Definitions and Rationale of the Three Types of Vagotomy 


In 1943, L. R. Dragstedt changed the course of gastric surgery by 
showing that truncal vagotomy abolished the gastric hypersecretion 
and inappropriate nocturnal acid secretion of patients with duodenal 
ulcer, with the result that their ulcers healed.'* Truncal vagotomy (TV), 
combined either with a drainage procedure (D) or with an antrectomy 
(A), remains the most popular method of surgical treatment for duo- 
denal ulcer. TV deprives not only the stomach, but also the liver, gall- 
bladder, bile ducts, pancreas, small intestine, and half the large in- 
testine of their parasympathetic nerve supply (Fig. 1). It must be com- 
plemented by a pyloroplasty (P) or gastrojejunostomy (GJ), because 
when used alone it weakens the propulsive power of the antral mill and 
produces gastric stasis. 

Bilateral selective vagotomy (SV) also denervates the entire stom- 
ach, so that the addition of a drainage procedure (D) is still necessary 
(see Fig. 1). SV, which was introduced by Jackson and by Franksson 
(independently) in 1948, seemed a more logical procedure than TV, 
because vagal denervation was confined to the target organ, the stomach, 
while the hepatic and coeliac vagal fibres to the other viscera were 


ANTERIOR VAGAL TRUNK: a DIAPHRAGM 
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Figure 1. Distribution of the 
abdominal vagal nerves and lines of 
dissection for the three types of 
vagotomy (TV, truncal; SV, selec- 
tive; HSV, highly selective). Note, 
however, that 5 or 6 cm of distal 
oesophagus must be cleared of all 
fibres at the end of each type of 
vagotomy. 
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preserved. The advocates of SV, such as Burge’ and Griffith,** #4 claimed 
that SV+D gave clinical results superior to those of TV+D with respect 
both to recurrent ulceration and to side effects. They thought that recur- 
rence would be less common after SV than after TV because the ex- 
tragastric vagi were known to inhibit gastric secretion (in dogs)®*™ and 
because the meticulous technique which was needed for the perform- 
ance of SV led to a more complete vagal denervation of the parietal cell 
mass. They also believed that small bowel, biliary, and pancreatic func- 
tion would be better after SV than after TV and hence that side effects 
such as diarrhea would be reduced. 

Highly selective vagotomy (HSV) is the first operation for peptic 
ulcer which both avoids gastric resection and keeps the antral mill and 
pyloric sphincter intact. In HSV, the vagal nerves (of Latarjet) to the an- 
trum and the coeliac and the hepatic vagal fibres are all preserved. The 
procedure was first used in dogs by Griffith and Harkins in 1957” and in 
man by Amdrup and Jensen! and by Johnston and Wilkinson® in 1969. 
“Parietal cell vagotomy” (PCV), as used in Denmark by Amdrup and 
Jensen, differs slightly from HSV in that the precise extent of the an- 
trum is “mapped” at the time of operation by means of a pH probe. HSV is 
a more empirical but simpler procedure in which careful inspection of 
anatomic landmarks is used to identify and preserve the nerves of Latar- 
jet. “Selective proximal vagotomy” (SPV) antedated both HSV and 
PCV,* but was invariably accompanied by a pyloroplasty or antrectomy. 
The addition of a pyloroplasty to HSV/PCV has been shown to remove 
many of its advantages” and is, besides, unnecessary, either for ef- 
ficient gastric emptying or for the achievement of satisfactory levels of 
gastrin or of acid. For these reasons, Amdrup and Johnston‘ have ad- 
vocated the use of the term PCV for the operation if the antrum is 
mapped, and of HSV if it is not. For simplicity’s sake in this review the 
term HSV will be used to cover both PCV and HSV. 

The remainder of this article consists largely of a clinical compari- 
son of these three types of vagotomy, but first a brief comparison of 
their physiologic effects is needed. We have had extensive experience of 
all three types of vagotomy in Leeds and have carried out studies of gas- 
tric secretion, serum gastrin, gastric emptying, biliary function, pan- 
creatic function, and faecal fat secretion in patients who had regained 
good health, more than 1 year after TV, SV, or HSV. The groups of pa- 
tients were carefully matched and each patient had been shown to have 
a complete vagotomy (of the parietal cell mass) by means of the Hol- 
lander insulin test soon after operation. All patients were followed up at 
yearly intervals at a special Gastric Follow-up Clinic, where they were 
interviewed by a panel of three physicians who did not know which 
operation had been performed until they had written down the answers 
to a standard set of questions and recorded their collective verdict ac- 
cording to a modified Visick system of grading. 


Physiologic Comparison of the Three Types of Vagotomy 


GASTRIN. All three types of vagotomy have been shown to produce 
a significant increase in serum gastrin.*® * * 8° Gastrin levels are no 
higher when the antrum remains innervated than when it is vagally 
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denervated. Hence vagal release of gastrin seems to be relatively unim- 
portant in man. These findings provide little support for the idea that re- 
current ulceration will be common after HSV because the antrum is in- 
nervated. 

GASTRIC SECRETION. Serial studies for up to 5 years after HSV 
have shown that reductions in basal and maximal acid output are little 
different from those found after TV or SV.*!: 4757-58 73 Only 3 per cent of 
the first 100 patients in Leeds had Hollander-positive insulin tests 1 
week after operation, but serial testing for 5 years showed that 90 per 
cent of them eventually developed positive tests.** 7 However, the mean 
acid response to insulin was still reduced by 90 per cent, 5 years after 
operation. Approximately 50 per cent of patients have been found to de- 
velop positive insulin tests in the long term after TV or SV.** ®& 

The inter-surgeon variation in ability to achieve a complete vago- 
tomy, which we described previously after TV and SV, has been found 
also after HSV. Many surgeons find that fewer than 10 per cent of their 
insulin tests are Hollander-positive 1 week after HSV, but others find 
that up to 58 per cent of the insulin tests are positive at this time.” ” 
After TV, if the Hollander test is early-positive (in the first hour) 1 week 
after operation, the risk of recurrent ulceration is about 25 per cent; if 
late-positive, 10 per cent; and if negative, 2 per cent.® The risks of re- 
currence are probably similar after HSV. For example, in the series in 
which 58 per cent of Hollander tests were positive 1 week after HSV, 22 
per cent of the patients developed recurrent ulceration within 1 to 4 
years.” In contrast, only one of our first 100 patients has developed re- 
current ulceration, after 4 to 7 years. We have found no correlation be- 
tween positive Hollander tests 1 to 5 years after HSV, and recurrent ul- 
ceration. It is the insulin test 1 week after vagotomy which seems. to 
have the greatest prognostic value. 

DUODENOGASTRIC REFLUX AND GAsTRITIS. Reflux of bile into the 
stomach, gastritis, and symptoms attributable to both of these, have 
been found to be considerably less after HSV than after either TV+P or 
TV+A.% 

GasTRIc EMpTyINGc. HSV does not produce gastric stasis.!® 5° Per- 
sisting stasis necessitating the addition of a drainage procedure oc- 
curred in only 0.8 per cent of 5539 patients after HSV.*° All three types 
of vagotomy alter the pattern of gastric emptying, but the pattern is 
much closer to normal after HSV than after V+D.' The presence of a 
pyloroplasty has been shown to exaggerate the abnormality of emptying 
which is produced by vagotomy.'® When a hypertonic test meal was 
given orally to patients after either HSV or V+P, significantly more 
dumping, diarrhea, and hypotension ensued in patients who had un- 
dergone V+P than in patients who had undergone HSV.** 53 

GALLBLADDER. The gallbladder has been shown to dilate signifi- 
cantly in man after TV. After SV and HSV, it does not dilate.®° ®2 

PANCREAS AND SMALL INTESTINE.*® The pancreatic enzyme re- 
sponse to insulin hypoglycemia is abolished by TV in man, but persists 
after SV and HSV. The insulin response to oral glucose was found to be 
double that to intravenous glucose in patients after SV and HSV, 
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whereas after TV the insulin response to oral glucose was no greater 
than the response to intravenous glucose. Hence the release of a small 
bowel hormone(s) which promotes insulin release after oral glucose 
may be impaired after TV. Other evidence suggests that the release of 
cholecystokinin from small bowel mucosa may also be impaired after 
truncal vagotomy. 

FAECAL FAT EXCRETION. This increases significantly after both 
TV+D and SV+D, whereas after HSV it is unchanged. 


Clinical Comparison of Truncal, Selective, and Highly Selective 
Vagotomy in the Elective Surgical Treatment of Duodenal Ulcer 


An excellent, critical review of this topic has recently been pub- 
lished by Schrock.® 


Truncal Vagotomy with a Drainage Procedure 


The operative mortality of TV+D was found to be 0.8 per cent, in a 
previous review of 6490 elective cases,’* and in this review of 2743 
cases it was 0.6 per cent. The mean incidence of recurrent ulceration is 
9 per cent, when a 90 per cent follow-up of patients is achieved for.a 
minimum period of 5 years (Tables 1 and 2). A further 5 per cent of pa- 
tients have bad results because of malfunction of the stoma, side ef- 
fects of operation such as epigastric discomfort, diarrhea, dumping, or 
vomiting, or because they should never have been selected for operation 
in the first place: these last are the surgical “‘albatrosses,”’ who are often 
found to be alcoholics or of unstable personality. Thus, overall, one pa- 
tient in 100 will die after TV+D, and in the remainder, results are ex- 
cellent in 47 per cent, good in 27 per cent (total, 74 per cent good or ex- 
cellent), fair in 12 per cent, and poor in 14 per cent (Tables 1, 2, and 6). 
Similar conclusions were reached in Schrock’s review of this topic. 

Results may deteriorate still further in the very long term after 
TV-+D. For example, when 255 patients were reviewed 15 to 22 years 
after TV+GJ,°* weight loss and iron-deficiency anemia were found to be 
very common, and 7 per cent of patients had pulmonary tuberculosis, 
presumably because of malnutrition. Thus TV+D is by no means free 
from the long-term complications which we have come to expect after 
partial gastrectomy. 

CHOICE OF DRAINAGE PROCEDURE (TV+P or TV+GJ). Recur- 
rent ulceration is commoner after TV+P, bilious vomiting after TV+GJ. 
The overall results of the two procedures are about the same (see Tables 
1,2,and 6). 

PROSPECTIVE COMPARISON OF TRUNCAL VAGOTOMY+ANTRECTOMY 
(TV+A) WitH TRUNCAL VAGoTOMy PLUS A DRAINAGE PROCEDURE 
(TV+D). The incidence of recurrent ulceration after TV+A (1 per 
cent) is significantly less (p < 0.01) than the incidence of recurrence (9 
per cent) after TV + D (Tables 3 and 6). Surprisingly, perhaps, side ef- 
fects of operation were found to be little, if any, worse after TV+A than 
after TV+D. Hence overall results were better after TV+A (85 per 
cent good-excellent) than after TV+D (74 per cent good-excellent). 
Thus, provided that the use of V + A is avoided in high-risk patients or 
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Table 1. Long-Term Results of Truncal Vagotomy 


HOERR AND 


GOLIGHER GOLIGHER POSTLETHWAIT WARD” 
BT AE? ET AL.” V.A. CO-OP. cox’ CLEVELAND 
LEEDS/YORK LEEDS/YORK~ sTUDY®! GLASGOW CLINIC 
1968 1968 1973 1968 1972 
LENGTH OF FOLLOW-UP (YR) 5-8 5-8 Ser 9 5-20 
COMPLETENESS OF FOLLOW-UP (%) 97 92 85 83 90 
SEX OF PATIENTS (M/F) M F M M M+F 
NUMBER OF PATIENTS 119 66 106 51 155 
1. OPERATIVE MORTALITY (%) 0 (0) 0.6 a 0.7 
2. RECURRENT ULCERATION™ (%) 4 9 6 4 8 
3. FUNCTIONAL RESULTS fT 
GRADE 1. PERFECT (%) al a Not clearly Not clear | 
70 58 73(? 
GRADE 2. GooD (%) 26 30 separated <2 
GRADE 3. FAIR (%) 19 20 from V-P 17(?) 
GRADE 4. POOR (%) 11 22 10(?) 


““Pyoved” recurrent ulcer was scored: 1; “probable” or “highly suspicious”: 1/3; lesser degrees of 
suspicion: 0. Recurrent duodenal ulcers, stomal ulcers, and gastric ulcers have all been classified as ‘“‘recur- 
rent” ulcers. 

+These are the results without taking into account the beneficial effects of reoperation for recurrent 
ulcer; hence data quoted may differ somewhat from those in the original article. 


Table 2. Long-term Results of Truncal Vagotomy 


POSTLE- 
GOLIGHER T.L.KENNEDY THWAIT®! 
aeAeRS JORDAN” Tse AI Ce v.A. CO-OP 
LEEDS/YORK HOUSTON BELFAST STUDY 
1968* 1974* 1973* ie eet 
LENGTH OF FOLLOW-UP (YR) 5-8 5-8 t5) ae 
COMPLETENESS OF FOLLOW-UP (%) 91 94 98 85 
SEX OF PATIENTS (M/F) M M M+F M 
NUMBER OF PATIENTS . 164 106 46 135 
1. OPERATIVE MORTALITY (%) 0.5 1.8 (0) 0.6 
2. RECURRENT ULCERATION} (%) 8 8 7 9 
3. FUNCTIONAL RESULTS 
GRADE 1. PERFECT (%) | ae 63 Not 
68 
GRADE 2. GooD (%) 23 14 8 5287 clearly 
GRADE 3. FAIR (%) 18 6 4 separated 
GRADE 4. POOR (%) 14 10 9 from 
V+GJ 


ee 
“TV +P performed as part of a prospective random trial. 
+Recurrent ulcer, if “proved”, scored 1; if “probable” or “strongly suspected”, scored 1/3; 


and if more dubious, scored 0. Both recurrent duodenal ulcers and gastric ulcers have been 
classified as “recurrent’”’ ulcers. 
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With Gastrojejunostomy for Duodenal Ulcer 


WALTERS 
FEGGETTER WASTELL AND BURGE DRAGSTEDT HENSON 
AND (nN. DELLIPIANI MOBLEY" AND AND F.KENNEDY AND 
PRINGLE” TANNER) NOBLES” ET AG.?> MAYO CLARK® WOODWARD" ET AL.* ROB*! 
NEWCASTLE LONDON MEMPHIS EDINBURGH CLINIC LONDON CHICAGO GLASGOW LONDON 
1963 1969 1966 1969 1957 1960 1951 1973 1955 
10-14 10-20 15 5-10 5-10 9-12 1-7 2-6 Qo 
85 85 72 98 78 95 100 83 90 
98%M M+F M+F M+F 90%M M+F M+F M+F M+F 
195 71 102 140 123 262 219 167 89 
0.4 1.4 iL 0.7 2 10) 1.8 0.5 
4 4 24 4 1s ts) 6 3 12 
66 50 - 39) 33 Not clear | 37 
17/88 3888 = 26J°° 43}76 jeu ie Hg 
8 3 — 24 9 10 ui 34 
9 9 - 11h 15 7, 19 
and Pyloroplasty for Duodenal Ulcer 
HOERR AND SMALL AND 
WARD” BURGE WASTELL JAHADI®’ FF. KENNEDY STEMPIEN 
CLEVELAND KRONBORG®? AND CLARK® (N.TANNER)®? WORCESTER, ET AL.® EnwAbece 
CLINIC COPENHAGEN LONDON LONDON MASS. GLASGOW LONG BEACH. 
1972 1975 1960 1969 1970 1973* 1971 
5-20 6-8 9-12 10-20 4-11 2-6 10-18 
90 99 95 82 98 83 64 
M+F M+F M+F M+F M+F M+F M+F 
168 366 126 81 V7, 166 161 
12 0.6 1.6 0) OR; 0) = 
8 12 6 S Us 5 ih 
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26 48 
6 9 3 5 }32 
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when the duodenum poses technical problems, TV+A seems to give bet- 
ter overall results than TV+D. We think, in fact, that there is little to 
choose between the two procedures for the following reasons. First, re- 
currence is related to incompleteness of vagotomy, and many individual 
surgeons can keep their incomplete-vagotomy rate to less than 10 per 
cent, which implies that the incidence of recurrent ulceration after 
TV+D in their hands is likely to be 6 per cent or less. Hence, antrectomy 
would be needless surgery in 94 per cent of their patients. Secondly, 
TV-+A certainly has a higher operative mortality than TV+D, and if stan- 
dards of technical surgery are less than superb one man more per 100 is 
liable to die after TV+A than after TV+D. Such an outcome would, in 
our opinion, cancel out the superiority of TV+A in terms of recurrent ul- 
ceration, and indeed would make TV+D the wiser choice, because side- 
effects and long-term effects are probably marginally less severe after 
TV+D than after TV+A. When one of us applied a “scoring system” to 
the outcome of the two procedures, the results were found to be almost 
identical.” 

To sum up, truncal vagotomy with a drainage procedure has an op- 
erative mortality of 0.7 per cent, yields excellent or good results in only 
73 per cent of patients (9 per cent develop recurrent ulceration), and has 
long-term sequelae which are far from negligible. Such results give no 
grounds for complacency. There is certainly room for improvement. 


Selective Vagotomy with a Drainage Procedure 


Like TV, SV cuts the main parasympathetic nerve supply to the an- 
tral mill. Although many patients have adequate gastric emptying after 
SV alone, many others develop gastric stasis and even gastric ulceration. 
Since it is impossible to predict before operation which patients will 
empty well and which will not, a drainage procedure should always be 
used.’ 

The advocates of SV claimed that, compared with TV, it ensured 
greater completeness of vagotomy (and hence a lower incidence of re- 
current ulceration) and that it was followed by fewer side effects, diar- 
rhea in particular. There is now much evidence to support these 
views.®: 6 For example, in an excellent prospective random trial of 
TV-+P versus SV+P , T. L. Kennedy et al. found significantly fewer in- 
complete vagotomies and significantly less diarrhea after SV than after 
TV.® There were also fewer recurrent ulcers after SV. However, despite 
these differences the overall clinical results after SV were not much bet- 
ter than those of TV, and some side effects of operation, early dumping 
in particular, were more common after SV than after TV (Table 5). na 
similar trial in Copenhagen, ® Kronborg et al. (1970) found that 40 per 
cent of vagotomies were incomplete after SV+P, whereas “only” 29 per 
cent were incomplete after TV+P. Not surprisingly, the incidence of re- 
current ulceration was high (8 per cent) in both groups of patients, and 
the overall clinical results at 5 years were not significantly different. Di- 
arrhea, however, was significantly less common after SV than after TV 
(see Table 5). In Leeds, the comparison between SV+D and TV+D was 
more open to criticism because patients were not allotted at random to 
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one or other procedure. However, for what they are worth, our results” 
provided no support for the idea that complete vagotomy is more certain 
with SV than with TV, recurrent ulceration was just as common, and 
the overall clinical results were no better. The clinical results after 
SV+D are summarized in Tables 4, 5, and 6. 

The ability of individual surgeons to achieve a complete TV or SV 
(as judged by the finding of a Hollander-positive insulin test 1 week 
after operation) has been found to vary enormously, even among very 
experienced surgeons, some achieving a complete vagotomy of the 
parietal cell mass in almost every case, whereas others left 30, 40, or 
even 50 per cent of their patients with the vagotomy incomplete. It did 
not seem to matter whether the vagotomy was truncal or selective in 
type. Thus if the parietal cell mass is to be denervated effectively, it is 
the surgeon operating who matters, more than the particular type of 
vagotomy.” 

To sum up, there is good evidence that selective vagotomy reduces 
the incidence of troublesome diarrhea significantly and there is some 
evidence that it reduces the incidence of incomplete vagotomy, but 
there is very little evidence that the overall clinical results after SV+D 
are significantly better than those of TV+D. Selective vagotomy shares 
with TV the disadvantage that a drainage procedure must be added. In 
our opinion, if in 1976 surgeons are going to take the trouble to perform 
a selective type of vagotomy, they would do better to perform a highly 
selective vagotomy, which possesses the added advantage of preserving 
the function of the antral mill and pylorus, and which yields consider- 
ably better clinical results. 


Table 5. Prospective Random Trials of Truncal and 
Selective Vagotomy 


KENNEDY ET AL.” KRONBORG ET AL. 
BELFAST, 1973 COPENHAGEN, 1970 
TV+P SV+P TV+P SV+P 
NUMBER OF PATIENTS 50 50. 38 38 
LENGTH OF FOLLOW-UP (YR) 5 5 5 5 
POSITIVE INSULIN TESTS* (%) 

1 WK AFTER OPERATION 18 4 29 40 
RECURRENT ULCERATION (%) 7 (0) 8 8 
DUMPING (%) 11 26 No significant difference 
DIARRHOEA (%) ony 8 Si 6 
CLINICAL GRADING: 

1. PERFECT (%) $3 187 >? |96 No significant difference 

2. GOOD (%) 24 41 

3. FAIR (%) 4 0) 

4. Poor (%) 9 4 


*By Hollandev’s criteria. 
+ Diarrhoea is significantly less common after SV than after TV in both trials. Incomplete 
vagotomy was significantly less common after SV in the Belfast trial, but not in Copenhagen. 
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Table 6. Mean Long-Term Results of Truncal Vagotomy With 
Antrectomy, Truncal Vagotomy With a Drainage Procedure; and 
Bilateral Selective Vagotomy With Drainage for Duodenal Ulcer. 


1 2=(4+5) 3 4 5 
TRUNCAL TRUNCAL SELECTIVE 
V-A VED V-D TVA2 se DV-GI 
MEAN LENGTH OF FOLLOW-UP (YR) 7 (5-20) 8 (5-20) 6 (5-9) 8 8 
COMPLETENESS OF FOLLOW-UP (%) 90 90 92 90 90 
NUMBER OF PATIENTS 596 2743 514 1B53 1390 
OPERATIVE MORTALITY (%) LO) 0.6 0.7 0.75 0.5 
RECURRENT ULCERATION* (%) 12S, 8.9 Bre 10.8 7.0 
FUNCTIONAL RESULTS: tf 
GRADE 1. PERFECT (%) 53| 95 o}74 oo} 78 49 46 
GRADE 2. Goop (%) 325 OT 29 26 28 
GRADE 3. FAIR (%) 10 112) 12 9 14 
GRADE 4. POOR (%) 5 14 10 16 12 


*Recurrence was scored 1 if proved; 1/3 if “probable” or ‘“‘strongly suspected”. 
+These are the results before any reoperation; thus if patients needed reoperation, for 
recurrence or other cause, the result is graded as “‘poor”. 


Highly Selective Vagotomy Without a Drainage Procedure 


The operative mortality in 5539 elective cases was 0.3 per cent.*® 
This is significantly less (p < 0.01) than the 0.8 per cent operative mor- 
tality of TV+D, if it is permissible to compare the results of large 
collected series. Necrosis of the lesser curvature occurred in 10 patients 
(0.2 per cent) and caused death in 5(0.1 per cent).°° Such necrosis is prob- 
ably ischaemic in origin. Hence if a patient develops signs of peritonitis 
after HSV, prompt laparotomy is indicated. 

SIDE EFFECTS. Our studies of matched groups of patients after the 
three types of vagotomy in Leeds,* * *? and subsequent prospective con- 
trolled trials by others,®* 7 have shown clearly that side effects of opera- 
tion such as dumping, diarrhea, and bilious vomiting are significantly 
less common after HSV than after TV or SV with a drainage procedure 
(Tables 7 and 8). As stated previously, gastric stasis is rare after HSV 
and in consequence symptoms of gastric retention such as heartburn, 
flatulence, and vomiting are no more common after HSV than after 
V+D. The commonest side effect after HSV is a sensation of postpran- 
dial fullness, which is due to failure of receptive relaxation (and hence 
increased pressure) in the denervated body of the stomach,” but even 
this side effect is no more common than after TV or SV+D. Mild dump- 
ing can still occur after HSV, for the same reason, but the incidence of 
dumping is significantly less after HSV than after any of the standard 
operative procedures.* *» ® 7° 

RESULTS OF HSV IN LEEDs (1969-1976). We have now performed 
approximately 330 elective HSVs for duodenal ulcer in Leeds. The series 
is virtually consecutive and follow-up of the patients is 94 per cent 
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Table 7. Side Effects 2 Years After Truncal, Selective, and 
Highly Selective Vagotomy for Duodenal Ulcer in Leeds* 


TV+GJ TV+P SVea Dit HSV 
(n= 110) (n= 158) (n= 85) (n= 107) 
SYMPTOM PER CENT PER CENT PER CENT PER CENT 
Diarrhoea — 22, 16 4 
(Severe diarrhoea) = (2) (2) (0) 
Early dumping iil 10 20 6 
Bilious vomiting 16 11 7 5 
Nausea 16 26 26 14 
Epigastric fullness 28 47 38 33 
Heartburn 15 18 14 il'% 
Dysphagia 0) 1 2; Be 


*A nonrandom comparison. 
+All patients were male, except in the SV+ D group, of whom 24 were female. SV+D = 
68P, 17GJ. 


Table 8. Results of Prospective Trials of Selective and Highly 
Selective Vagotomy at 1 to 4 Years 


KENNEDY ET AL.” KRONBORG AND MADSEN” 
BELFAST, 1975 COPENHAGEN, 1975 
SV+GJ HSV SV+P HSV 
NUMBER OF PATIENTS 50 50 50 50 
OPERATIVE MORTALITY (%) 10) 0 0 0) 
POSITIVE INSULIN TESTS* (%) 4 4 60 58 
AT 1 WEEK 
RECURRENT ULCERATION (%) 2 2 8 22) 
DUMPING? (%) S37 8 30 6 
DIARRHOEA (%) 12 4 20 6 
BILIOUS VOMITING (%) 14 2 14 4 
WEIGHT GAIN (kg) 0.3 4.2 = = 
CLINICAL GRADING AT 1-4 YEARS: 
1. PERFECT (%) S| ot Sal 3 
76 96 68 78 
2. GooD (%) 43 36 28 10 
3. FAIR (%) 18 2, 24 2 
4. poor (%) 6 2 8 20 


*Results judged by Hollander’s criteria. 
+Dumping, diarrhoea, and bilious vomiting were each significantly commoner after 
SV+D than after HSV. 
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complete. The indications for advising surgical treatment have not been 
relaxed since the era of V+D: that is, the patients nearly all have pain 
which is responding poorly to medical measures, keeping them awake at 
night, causing them to lose time from work, and generally making life a 
misery. In addition, many have suffered previous complications such as 
bleeding or perforation. An important question is when to add a drain- 
age procedure to HSV. The answer is deduced from the patient’s history, 
without recourse to sophisticated studies of gastric emptying. If the pa- 
tient can eat three good meals a day during the remissions of pain, we 
find that his stomach empties satisfactorily after HSV. Obviously, if the 
clinical features of established pyloric stenosis are present, something 
more than a simple HSV must be done. However, we found that it was 
possible to treat about 90 per cent of all DU patients coming to surgery 
by HSV alone, by making the assumption that the stomach would con- 
tinue to empty well after HSV without drainage if it had emptied well 
before operation —albeit in many cases through a scarred and somewhat 
narrowed duodenum. The treatment of the remaining 10 per cent of pa- 
tients with established pyloric stenosis is described later. 

RECURRENT ULCERATION. None of our 330 patients died after HSV. 
One hundred ten patients have now been followed for 4 to 7 years and 
only one of them has been proved to have a recurrent duodenal ulcer. It 
is interesting that he was one of the three patients out of the first 100 
who had a positive insulin test 1 week after operation.*® Among the 
remaining patients who have been followed for less than 4 years, two 
further cases of recurrent ulceration have been found (one duodenal 
and one gastric). Thus to date the incidence of proved recurrent ulcer- 
ation is 1 per cent. A further 4 per cent of patients have complained at 
times of epigastric pain which raised the suspicion of recurrence. Each 
of these patients has been investigated by barium meal examination and 
gastroduodenoscopy, with negative results. Since recurrence of ulcer- 
ation after TV and SV for DU is usually early, about half the recurrences 
appearing within 2 years, these results suggest that HSV as practiced in 
Leeds provides lasting cure of the ulcer. We think that this low recur- 
rence rate is due to the low incidence of incomplete vagotomy, as shown 
by the Hollander test 1 week after operation. In such circumstances, the 
addition of an antrectomy is seldom needed. We have compared the 
results in hypersecretors (whose peak response to pentagastrin was 
more than 50 mFq per hr HC1 before operation) with the results in the 
remaining patients, and found that hypersecretors obtained just as good 
clinical results after HSV as did the other patients.®® 

The overall clinical results (Visick Grades) in male patients who 
were followed up for 4 to 7 years after HSV in Leeds are compared with 
the results 5 to 8 years after TV + D and SV + D in Table 9; 82 per cent 
of patients obtained good results (Visick Grades 1 and 2) after HSV, 
whereas only 68 to 70 per cent of patients achieved such results after TV 
+ D, and 59 per cent after SV + D. The results were better after HSV for 
two reasons: first, side effects were significantly less, and second, the 
incidence of recurrent ulceration was lower. 

In other centres, the results of HSV have varied from the excellent 
to the disastrous. In Copenhagen, for example, Amdrup and Jensen had 
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Table 9. Clinical Results After Three Types of Vagotomy for 
Duodenal Ulcer in Leeds* (Without Incorporating the Results 
of Reoperation) 


TRUNCAL TRUNCAL SELECTIVE 
V+GJ V+P V+ Dt HSVt 

(n= 119) (n= 164) (n= 92) (n= 100) 
Length of follow-up (5-8 yr) (5-8 yr) (5-8 yr) (4-7 yr) 
Visick Grading PER CENT PER CENT PER CENT PER CENT 
Perfect th ces 45 I Fs 

70 

Very good 2. 26 28) oo 22 o 30 ee 
Fair 3 19 18 2 10 
Poor 4. 11 14 20 8 


*A retrospective, nonrandom comparison. 
tAll the TVs were male; about a quarter of the SVs and HSVs were female. About 80 per 
cent of the drainage procedures with SV were P, the remainder being GJ. 


results which were similar to ours.? There has certainly been wide- 
spread agreement that the operation is safe and that side effects are 
reduced. It is the question of recurrent ulceration which has provoked 
the controversy. Many groups have recorded recurrence rates of less 
than 5 per cent on short-to-medium term follow-up?: 2% 3% 37 39. 66. 72,78 hut 
others have found incidence of recurrence ranging up to 22 per cent.” 9% 
The discrepancy between the results from different centres is well illus- 
trated by the results of two well-designed prospective controlled trials in 
which HSV was compared with SV+D (see Table 8). In both centres, it 
was found that side effects were significantly less after HSV than after 
SV+D, but whereas in one trial the incidence of recurrence after HSV 
was 2 per cent, in the other it was 22 per cent. In the trial with the 2 per 
cent incidence of recurrence, the incidence of incomplete vagotomy was 
4 per cent, whereas in the trial with 22 per cent recurrence no fewer than 
58 per cent of the Hollander tests were positive, 1 week after operation. 
In another centre where the Hollander test was positive in 28 per cent of 
patients 1 week after operation, the incidence of recurrent ulceration 
was 13 per cent.*? Thus when vagotomy of the parietal cell mass is in- 
complete, recurrence is likely, and when it is complete, recurrence is 
rare. These conclusions are hardly surprising and fit well with what we 
know of the risks of recurrence after TV and SV. 

HSV CoMPARED WITH VAGOTOMY-ANTRECTOMY. The results of 
surgery for duodenal ulcer depend on four principal factors—the opera- 
tive mortality, the side effects, the incidence of recurrent ulceration, 
and the long-term effects. HSV is safer, produces significantly fewer 
side effects, and seems certain to have fewer long-term sequelae than 
V+A. Recurrence of ulceration will be more frequent, however, after 
HSV (5 to 10 per cent) than after V+A (1 to 2 per cent). We think that 
this equation favors HSV as the initial procedure for duodenal ulcer. If 
the surgeon is an expert vagotomist, the incidence of recurrent ulcer- 
ation after HSV should be about 5 per cent, and most of these failures 
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can be salvaged by subsequent antrectomy. We do not think it is wise to 
remove the antrum and pylorus unnecessarily in 90 to 95 per cent of pa- 
tients. 

CHOICE OF ELECTIVE OPERATION FOR CHRONIC DUODENAL ULCER. 
The choice seems to lie between truncal vagotomy combined with a 
drainage procedure or antrectomy, on the one hand, and HSV on the 
other, because SV+D has been found to possess little advantage over 
TV+D. 

We think that HSV is a better operation than TV+D, because it has a 
slightly lower operative mortality, it produces significantly fewer side 
effects, and it seems on present evidence to be just as likely to cure the 
ulcer. Such a conclusion is only justified, however, if the HSV is well 
done technically. Certainly the incidence of positive Hollander tests 1 
week after HSV must be kept to less than 20 per cent. Hence we think 
that surgeons who use HSV should check its completeness either at 
operation, or by the insulin test 1 week later. We think that incomplete 
vagotomies are usually incomplete on the esophagus, because there is 
little difficulty in choosing the correct spot at which to begin the dissec- 
tion near the incisura, about 6 cm from the pylorus,*’ ®% and between 
there and the cardia the vagotomy must be complete because the lesser 
curvature is separated completely from the lesser omentum. When train- 
ing other surgeons to perform HSV, we have found that the difficulties 
usually arise on the esophagus, which should be mobilized so that three 
or four fingers can be passed behind it. It should then be cleared of all 
small fibres for a distance of at least 5 cm above the esophagogastric 
junction.” 4% 5! 


Treatment of Duodenal Ulcer Complicated by Pyloric Stenosis 


About 10 per cent of patients who come to elective operation for 
duodenal ulcer have obstruction at the gastric outlet, which leads to 
copious vomiting, succession splash, and slew emptying of barium. The 
stenosis is seldom in the pylorus itself, but is usually just distal to it. 
Finding that gastric emptying was not delayed after HSV in non-ob- 
structing duodenal ulceration, and in the hope of preserving and making 
use of the compensatory mechanisms of muscular hypertrophy and 
increased peristalsis which the stomach develops to try to overcome the 
obstruction, one of us began in 1971 to treat patients with established 
pyloric stenosis by HSV plus digital dilatation of the stenosis through a 
gastrotomy.”* A consecutive series of 23 patients with pyloric stenosis 
has been treated in this way by DJ’s “team” in the past 5 years.””7 The 
results obtained are compared in Tables 10 and 11 with those obtained 
in 23 consecutive patients with pyloric stenosis who were treated by 
TV+D by JCG’s “team.”. Although two patients in the HSV group “re- 
stenosed”’, both did well after the addition of a pyloroplasty, and the 
eventual results after HSV with dilatation were a good deal better than 
the results after TV+D (Table 11). Similar encouraging results after 
HSV combined with a small duodenoplasty for pyloric stenosis have 
recently been reported by T. L. Kennedy.*? We must admit that such 


SELECTIVE, HIGHLY SELECTIVE, OR TRUNCAL VAGOTOMY 1329 


Table 10. Comparison of Two Groups of Patients Who Were Treated 
Either by HSV or by TV+D for Pyloric Stenosis* 


HSV PLUS DILATATION TRUNCAL V+Dt 
@=238) (n= 23) 
Age (years) yee se OIL bo == 216 
Sex (M:F) 14:9 UO 
Length of ulcer history (yr) SE se Oe HENS a2 9) 
Peak acid output (PAO) 
to pentagastrin (mEq per hr) 40.9+ 4.4 40.6 + 8.3 


*Data in Tables 10 and 11 taken from McMahon, M. J., Greenall, M. J., Johnston, D., and 
Goligher, J. C.7 
1D, drainage procedure: 13 GJ. 10 P. 


results surprised even ourselves, because in many ot our patients the 
degree of stenosis was severe. We are well aware that in other sites, 
such as the urethra and esophagus, restenosis is the rule after a single 
dilatation, and we can only presume that preservation of the parasym- 
pathetic nerves (of Latarjet) to the antrum, plus the dilatation, ensured 
that the propulsive properties of the hypertrophied antral muscle in 
these patients were used to the full. Prospective, random comparison of 
HSV plus dilatation (or duodenoplasty) with TV+D in patients with 
pyloric stenosis would be of great interest. Meanwhile, these results 
suggest that the antral “mill” and pyloric sphincter can be kept intact in 
nearly all patients who come to elective surgery for duodenal ulcer, if 
the surgeon so desires. 


Haemorrhage and Perforation 


These complications of peptic ulceration are discussed elsewhere in 
this symposium. Here, we would merely record that we have treated 15 
carefully-selected patients with perforated chronic DU by HSV plus su- 
ture, without a death; and 20 selected patients with severe haemorrhage 
from DU or GU by HSV plus under-running, also without mortality, and 
without rebleeding. 


Table 11. Results of Operation for Pyloric Stenosis as Recorded by 
“Blind” Assessment at the Gastric Follow-Up Clinic* 


HSV PLUS DILATATION Tt TRUNCAL V+Dt 
CATEGORY (23 patients) (23 patients) 
1. Perfect 18 (78%) 10 (44%) 
1 +2. Very good or perfect 22 (96%) 17 (74%) 
3. Fair 1 (4%) 5 (22%) 
4. Poor 10) 1 (4%) 


*Follow-up ranged from 6 months to 5 years. 
+ The results quoted incorporate the results of reoperation (two in each group). 
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GASTRIC ULCER 


Combined Gastric and Duodenal Ulceration 


Such patients usually have patterns of gastric secretion similar to 
those of patients with duodenal ulcer, and treatment by some form of 
vagotomy as for duodenal ulcer alone has been found by most authors 
(including ourselves) to give good results.** ®4 Some authors, however, 
report unacceptably high recurrence rates after vagotomy and recom- 
mend the use of vagotomy plus hemigastrectomy, with resection of both 
ulcers.? 


Gastric Ulcer Alone 


The evidence for and against the use of vagotomy for gastric ulcer 
has been reviewed by Forrest”? and by Duthie.'® Vagotomy has been ad- 
vocated on the grounds that it is safer than partial gastrectomy (PG), but 
the evidence for this is meager, the mean mortality of V+D being about 
1.4 per cent and of PG, about 1.8 per cent. Vagotomy has been claimed 
to be as effective as PG in curing the ulcer, but this is almost certainly 
not true, because the mean incidence of recurrent ulceration after PG is 
about 2 per cent, whereas after V+D it is about 5 per cent and can be 
as high as 19 per cent. The use of PG may lead to cure of an early ulcer- 
cancer, whereas there is a small but definite risk of missing an emin- 
ently curable cancer when V+D is used. This risk can be almost elimin- 
ated, however, by the use of multiple preoperative endoscopic biopsies, 
supplemented by further frozen-section biopsies (or complete excision 
of the ulcer) at the time of operation. Finally, there is little evidence that 
the side effects of V+D are less than those of Billroth I PG, and in 
Duthie and Kwong’s prospective controlled trial’® of V+P versus B-I PG, 
only 68 per cent of patients were found to be in Visick Grades 1 or 2 
(good to excellent) at 5 years, whereas 78 per cent of patients were in 
Visick Grades 1 or 2 after B-I PG. Hence, we believe that Billroth I PG 
remains the treatment of choice for most patients with gastric ulcer. 

There are special circumstances, however, in which vagotomy is 
probably preferable to gastrectomy. For example, in massive haemor- 
rhage from gastric ulcer, the mortality of V+D plus under-running the 
bleeding vessel with nonabsorbable sutures is about half that of partial 
gastrectomy, while the incidence of re-bleeding is no greater.® 23 4% 84 
Again, when the ulcer is situated high on the lesser curve, or is present 
in a frail and elderly patient, it may be safer and wiser to perform V+D 
plus excision or biopsy of the ulcer, rather than PG.? 

While the results of B-I are good, they are probably not as good as 
many people imagine. The operative mortality is 2 per cent. Only 78 per 
cent of Duthie and Kwong’s patients were in Visick Grades 1 + 2,5 
years after B-I PG and unpublished data from Leeds and York (Goligher, 
Pulvertaft, Hall, Hopton, and Matheson) show that only about 74 per 
cent of patients were in Visick Grades 1 + 2, between 2 and 10 years 
after B-I PG. Thus we think that there is still room for improvement, 


and that both the pylorus-preserving gastrectomy of Maki” and HSV?*: 52 
are worthy of trial. 
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One of us (DJ) has used HSV in the treatment of patients with gas- 
tric ulcer since 1969, and recorded encouraging early results in a small 
series of cases in 1972.5 We have now treated 80 patients by HSV, of 
whom approximately two-thirds had gastric ulcer alone and one-third, 
combined gastric and duodenal ulceration. The series was not quite con- 
secutive because a few patients were excluded on account of antici- 
pated technical difficulties, suspicion that the ulcer was malignant, or 
because of the patient’s poor general condition. Every effort was made 
to ensure that only benign ulcers were treated in this way and in fact, so 
far as we are aware, no case of early cancer has been missed. When the 
ulcer was close to the pylorus, or very large or inaccessible, it was not 
excised in toto but large biopsies were taken. 

There was one operative death after HSV (1.2 per cent). Tests of 
gastric secretion, before and more than 1 year after operation, showed 
that basal acid output was abolished, that the response to pentagastrin 
was reduced by 80 per cent and, perhaps most important, that there was 
virtually no response to a test meal of meat extract after operation (M. 
Greenall, unpublished). Most of these patients have had follow-up 
barium meal examinations and no evidence of gastric stasis or recurrent 
ulceration has been found. Faecal fat excretion has been found to be sig- 
nificantly less than after B-I PG. Patients after HSV could eat bigger 
meals, and experienced less dumping, than patients who had undergone 
B-I PG for gastric ulcer. We emphasize that we are not yet in a position 
to advocate the widespread use of HSV in the treatment of patients with 
gastric ulcer, because the maximum period of follow-up is only 61/2 years, 
and the mean is less than 3 years. Moreover, HSV for gastric ulcer is a 
difficult operation technically, and indeed at times is impossible to per- 
form. However, our results to date are certainly encouraging. If HSV 
dees prove in the long run to provide effective cure for gastric ulcer, 
we think that it will do so for two main reasons: first, because it greatly 
reduces acid and pepsin output, and second, because by raising intra- 
gastric pressure and speeding gastric emptying of liquids,’ * it tends to 
prevent antral stasis and has been shown to reduce reflux of duodenal 
content into the stomach.® 
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Partial and complete truncal vagotomy combined with gastric resec- 
tion of varying extent was sporadically used for the treatment of the 
complications of duodenal ulcer during the 1920’s and 1930’s.°* 43 How- 
ever, it remained for Farmer and Smithwick of Boston.”’§ and Edwards 
and Herrington® of Nashville to develop the physiologic operation of 
truncal vagotomy with conservative distal resection in the patient with 
duodenal ulcer. It has been well documented by Dragstedt® that division 
of the vagus nerves eliminates the cephalic phase of gastric secretion 
which comprises approximately 60 to 70 per cent of the acid output in 
the duodenal ulcer patient. Also, excision of the distal 40 to 50 per cent 
of the stomach removes the main source of the hormone gastrin which 
is responsible for the humoral phase of gastric secretion. 

Late in 1946 Smithwick performed a bilateral truncal vagotomy 
with an estimated 50 per cent resection of the distal stomach for treat- 
ment of a patient who had developed a marginal ulcer following simple 
gastroenterostomy. He termed the distal resection a hemigastrectomy. 
Following resection Smithwick reconstructed the gastrointestinal tract 
using a retrocolic Hofmeister type gastrojejunostomy. In contrast, 
Edwards removed an estimated 40 per cent of the distal stomach along 
with diversion of the two main vagal trunks at the esophageal hiatus 
and termed the limited resection an antrectomy. He reconstructed the 
gastrointestinal tract with classic Billroth II type anastomosis. Both ob- 
servers felt that this operative method represented a physiologic ap- 
proach to the treatment of duodenal ulcer, eliminating both cephalic 
and humoral phases of gastric secretion but leaving the patient with a 
sizeable gastric reservoir. Subsequent secretory studies revealed a nega- 
tive response to insulin hypoglycemia in the vast majority of patients 
and over 95 per cent had no free hydrochloric acid response to histamine 
or Betazole. In later years when more sophisticated gastric secretory 
studies became available it was found that the combined procedure 
resulted in a basal acid output (BAO) which was negligible and the peak 
acid output (PAO) following Betazole stimulation averaged between 1 to 
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Figure 1. Left, Truncal vagotomy-antrectomy with end-to-end gastroduodenostomy. 
The Schoemaker method was utilized in excising and closing the lesser gastric curve. Right, 
Truncal vagotomy-antrectomy with left-to-right Hofmeister reconstruction. 


3 mEq per hr. Twelve hour gastric secretory volumes were usually less 
than 200 milliliters. In more recent years it has been shown that serum 
gastrin levels are reduced appreciably following the procedure. 

The operation of vagotomy-antrectomy has been the most fre- 
quently employed operation for the treatment of duodenal ulcer on the 
services of Vanderbilt University Hospital, St. Thomas Hospital, and 
Metropolitan General Hospital in Nashville during the past 27 years.” 
During the period from January 1946 through December 1974 our 
group has performed the combined operation on a total of 3771 patients. 
The ratio of men to women has been 5 to 1, the youngest patient was 8 
years of age, and the oldest patient was 94 years of age. The average pa- 
tient age has been 47 years and the length of ulcer history prior to 
surgical intervention averaged 12 years (Fig. 1). 

Indications for operation among this group of patients have been 
those of chronic duodenal ulcer and its complications. Many patients 
had various combinations of indications, but the principal indication for 
operation in 51 per cent was recurrent ulcer pain refractory to medical 
management. A single life-threatening hemorrhage or repeated hemor- 
rhage of lesser magnitude was the indication in 32 per cent of patients. 
Fourteen per cent of patients had gastric outflow tract obstruction and 3 
per cent who were deemed good risks underwent the procedure for an 
acute ulcer perforation (Table 1). 

Of the 3771 patients the follow-up has been complete in 98 per cent, 
thus 74 patients have been lost to follow-up (3697 patients followed). 
Some patients, of course, have subsequently died of unrelated causes over 
the longer range study, particularly those operated upon during the first 

10 years. Each patient, however, was followed to the time of death and the 
results have continued to be tabulated in the long-range clinical study. 
The follow-up protocol has consisted of frequent office and hospital out- 
patient visits, hospital readmissions when necessary, and interviews by 
members of the surgical group. In many instances postoperative gastro- 
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Table 1. Indications for Operation 


Refractory pain 51 per cent 
Hemorrhage 32 per cent 
Outlet obstruction 14 per cent 
Perforation 3 per cent 


100 per cent 


intestinal x-ray studies have been done, and in recent years fiberoptic 
endoscopy has been performed on any patient who returns with upper 
gastrointestinal symptoms which are considered significant. Postopera- 
tive gastric secretory data were obtained during the first 10 to 15 years of 
the study, and it was found that the early reduced secretory rates have re- 
mained markedly suppressed over this long interval of time. 

Clinical results have been tabulated as excellent, good, fair, or poor. 
An excellent result indicates that the patient is in excellent nutritional 
condition and has no symptoms referable to the gastrointestinal tract. A 
good result is assigned those patients with no ulcer-like symptoms but 
who note epigastric fullness, mild to moderate dumping, and occasional 
bouts of diarrhea. A fair result is listed if the patient has obtained 
benefit from the operation but if significant postgastrectomy symptoms 
develop. A poor result indicates the patient who develops nutritional 
deficits, appreciable postgastrectomy symptoms, or a recurrent ulcer. 
Our results indicate that 66 per cent of patients have obtained an ex- 
cellent clinical result and are free of gastrectomy sequelae. Twenty-eight 
per cent of patients have obtained a good result, 5 per cent a poor result, 
and failures have occurred in 1 per cent of patients (Table 2). 

Weight loss after operation has not constituted a troublesome prob- 
lem. Only 10 per cent of patients have experienced weight loss suf- 
ficient to cause concern and anemias have only occurred infrequently. 

During the first 10 years of the study a Billroth II type of reconstruc- 
tion was used exclusively. However, after the Billroth I method of 
reconstruction was repopularized in this country by Henry Harkins dur- 
ing the early 1950’s, we gradually shifted to this method and have now 
used it almost exclusively for the past 15 years. 

Symptoms of the dumping syndrome have occurred in 25 per cent 
of the series. This complication has been equally distributed between 
the Billroth I and Billroth II reconstructions, and in most instances the 
symptomatology has been mild to moderate in degree. In 10 to 15 per 
cent of patients some change in bowel habit has occurred, with most of 


Table 2. Results 


Excellent 66 per cent 
Good 28 per cent 
Poor 5 per cent 
Failure 1 per cent 


100 per cent 
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this group experiencing 2 to 4 loose or semi-firm stools daily. In 1 per 
cent of patients diarrhea has been severe and disabling, and several of 
these patients have undergone remedial operations. 

Among the entire group of patients 55 postoperative deaths oc- 
curred either in the hospital or within 30 days following operation (mor- 
tality of 1.4 per cent). The majority of deaths occurred in patients un- 
dergoing an emergency operation for control of massive bleeding. Most 
of these patients were elderly and had cardiovascular or renal disease. 
Pre-ex’ ting chronic respiratory problems accounted for death in several 
patients. Twelve patients died as a result of a duodenal stump blow out 
and all of these deaths occurred during the first 10 years when we were 
using the Billroth II method exclusively. Three patients died of over- 
whelming acute hemorrhagic pancreatitis during the early postopera- 
tive period and two deaths occurred as a result of repeated uncontrolla- 
ble bleeding. It is of interest that our overall mortality has dropped from 
3.1 per cent in 1958 to 1.4 per cent in 1974. Currently the mortality for 
the patient undergoing elective vagotomy-antrectomy is less than 1 per 
cent. The overall death rate from massive hemorrhage has been 3 per 
cent and the mortality for hemorrhage in the patient over age 60 has 
been 6 per cent. 

The recurrent ulcer rate among the 3697 patients has been ex- 
tremely low (0.5 per cent). Only 20 proven recurrent ulcers have taken 
place and we are not aware of any suspected cases of recurrence. Ap- 
proximately 1600 patients have now been followed from 10 to 15 years. 
It is of extreme interest that each of the 20 recurrent ulcers became 
manifest by the presence of recurrent ulcer-like pain, bleeding, or perfo- 
ration, each of these complications taking place within 24 months after 
vagotomy-antrectomy. This has been the experience of Farmer, Smith- 
wick, and others as recurrent ulceration has apparently not taken 
place during the long range follow-up after vagotomy-antrectomy. The 
cause for recurrence in most of the 20 patients in our series was an in- 
complete vagotomy which was later proven by secretory testing or at re- 
operation. A Zollinger-Ellison tumor was responsible for recurrence in 
four patients and a functioning adrenal tumor caused a recurrent ulcer 
in one patient. Of the 20 recurrences, 13 followed vagotomy-antrectomy 
with a Billroth I reconstruction and seven recurrences took place after 
Billroth II type reconstruction. It should be emphasized, however, that 
during the past 15 years the Billroth I method has been used almost 
exclusively and it is seldom that we now perform a Billroth II type 
reconstruction. Even in most patients with a severe posterior penetrat- 
ing ulcer the Billroth I method is utilized. It should be stressed, howev- 
er, that when we first embarked on the Billroth I reconstruction (end-to- 
end gastroduodenostomy) we proceeded cautiously and only used the 
method when dealing with small duodenal ulcers in which there was 
minimal scarring about the periduodenal area. As experience increased 
we gradually began to apply the method to the more difficult ulcers, and 
when sufficient experience had accumulated we began to carry out end- 
to-end gastroduodenostomy on the majority of the deep posterior pene- 
trating ulcers. We have not made it a point to excise the ulcer in every 
case, and in many instances have left a deep posterior penetrating ulcer 


TRUNCAL VAGOTOMY WITH ANTRECTOMY 1339 


attached to the head of the pancreas and simply fashioned a cuff of 
duodenum distal to the ulcer to be used for the gastroduodenal anas- 
tomosis. With ulcers, however, which are massively bleeding at the time 
of operation, either the ulcer crater is obliterated or the ulcer totally 
removed. When the ulcer is left behind we have not hesitated to perform 
a Billroth I reconstruction being aware that some surgeons under such 
circumstances prefer to close the duodenal stump and utilize the 
Billroth II method. Currently, we are performing the Billroth I recon- 
struction in over 95 per cent of cases, and reserve the Billroth II method 
for the deep posterior penetrating ulcer in the patient who is extremely 
obese where technical considerations preclude end-to-end gastroduo- 
denostomy. Also in patients with presenting symptoms of retrobulbar 
ulcer, where there is marked narrowing and stenosis of the retrobulbar 
duodenum, the Billroth II method is employed. 

In the small percentage of patients in whom we elect to perform a 
Billroth II type reconstruction our preference is a retrocolic Hofmeister 
type anastomosis. We employ a very short afferent loop of jejunum 
measuring approximately 6 to 8 centimeters in the reconstruction. This 
short or practically no loop gastroenterostomy is most always placed in a 
left-to-right direction, suturing the afferent limb to the greater gastric 
curve and the efferent limb to the lesser curve. In a small number of pa- 
tients, usually 5 per cent or less, where the ligament of Trietz lies to the 
right of the midline, we prefer a right-to-left anastomosis placing the af- 
ferent jejunal limb to the lesser gastric curve and the efferent limb to 
the greater curve. Care is taken to suture the gastric remnant to the pe- 
riphery of the rent in the transverse mesocolon with interrupted silk su- 
tures. The afferent and efferent limbs of jejunum just distal to the gas- 
troenteric stoma are sutured to the posterior parietes to prevent 
angulation, twisting, or an internal hernia. 


OPERATIVE TECHNIQUE 


We have not altered our operative technique appreciably in recent 
years.!® 21:37 In performing bilateral truncal vagotomy it is our feeling 
that better exposure is obtained by dividing the suspensory ligament of 
the left lobe of the liver and retracting the left lobe to the right. Cur- 
rently, some surgeons prefer to simply elevate the left hepatic lobe 
superiorly without dividing the suspensory ligament. The abdominal 
esophagus is gently mobilized with the operator’s right index finger 
keeping the dissection deep to the posterior wall of the esophagus 
and close to the overlying aorta. This prevents injury to the esophageal 
wall. The right (posterior) vagal nerve trunk is first identified, freed up, 
and a generous length of this nerve (approximately 3 centimeters) is 
removed. The cut ends of the nerve are either tied with silk or stapled 
with metal clips. The left (anterior) vagus nerve is best freed up by ex- 
erting general downward traction on the gastrohepatic omentum near 
the gastroesophageal junction using the fingers of the left hand. This 
renders the left nerve taut and it can easily be freed up from its embed- 
ment in the anterior esophageal wall with the operator’s right index 
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Figure 2. The anatomic lo- 
cation of the right and left vagal 
nerve. After completing the va- 
gotomy the right crural sling is 
approximated if it is attenuated. 


finger. A similar length segment is excised from this nerve. Any small 
nerve fibrils lying about the periesophageal area or along the longi- 
tudinal musculature of the esophageal wall can be divided with a fine 
knife blade. No attempt is made to approximate the peritoneum over the 
esophagus and the left lobe of the liver is allowed to fall back into its 
normal anatomic location (Fig. 2). 

At this point we next free up the greater gastric curve keeping the 
dissection within the arterial arcade as close to the stomach wall as pos- 
sible. The gastroepiploic vessels are freed from approximately the mid- 
portion of the greater curve distally to the pylorus. The gastrohepatic 
omentum is then divided and transfixed along the lesser curve approxi- 
mately 2 to 3 centimeters above the angularis. Next we divide the 
greater gastric curve between Glassman clamps and apply an additional 
pair of clamps directed toward the lesser curve making bisection of the 
stomach (Fig. 3). The lesser curve aspect of the gastric pouch is closed 
beneath the Glassman clamp with a running suture of fine chromic 
catgut. A second row of interrupted 2-0 silk sutures are then placed 
after which the original running catgut suture is returned as a Lembert 
suture inverting the anterior and posterior gastric walls of the lesser 
curve. The antrum of the stomach or the distal estimated 40 per cent is 


Figure 3. The greater gastric 
curve is divided at its midpoint be- 
tween Glassman clamps. The prox- 
imal Glassman clamp defines the 
point at which the greater gastric 
curve will be anastomosed to the 
duodenum. Additional clamps are 
placed obliquely toward the lesser 
curve and the stomach will be di- 
vided between these clamps. 
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Figure 4. The antrum of 


the stomach has been transected K 

and reflected to the right, and it a \ 

serves as a handle for dissecting GaaX \\\\\ \\\ iy 
the periduodenal area. A poste- (ay MN 
rior layer of seromuscular su- ios 


WZ 
tures is shown being placed be- Vy Y 


tween the posterior wall of the wr | 


greater gastric curve and the ; } ey 
posterior wall of the duodenum. ed. J} 


next reflected to the right and the right gastric and right gastroepiploic 
vessels are doubly clamped, divided, and transfixed. The dissection is 
taken past the pyloric sphincter. The use of the antrum of the stom- 
ach as a handle facilitates the dissection about the ulcer. The greater 
curve aspect of the gastric pouch is next placed in opposition to the first 
portion of the duodenum and the posterior wall of the gastric pouch is 
approximated to the posterior wall of the first portion of the duodenum 
using interrupted fine silk sutures (Fig. 4). The sutures are first placed 
after which the first assistant brings the greater curve of the gastric 
pouch in close opposition to the posterior wall of the duodenum. The in- 
terrupted silk sutures are then individually tied (Fig. 5). The antrum of 
the stomach and the proximal duodenum are next extirpated. The Glass- 
man clamp is released from the greater curve of the gastric remnant 
and the gastroduodenal anastomosis is further accomplished by the use 
of a running posterior layer of fine catgut which encompasses the full 
thickness of the posterior wall of the gastric remnant and the full 
thickness of the posterior duodenal wall. The suture is then returned an- 
teriorly as an inverting type stitch (Fig. 6). An outer layer of interrupted 
4-0 silk completes the anastomosis. Care is taken to use a triangular su- 
ture at the lesser curve of the anastomosis which encompasses both the 


Figure 5. The gastric remnant is 
approximated to the posterior wall of 
the duodenum, and in the interrupted 


posterior layer of seromuscular su- ey il \ 
tures the sutures are individually MT 
tied. te || ey 
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Figure 6. The gastric antrum and 
first portion of the duodenum have been 
removed. The Glassman clamp has been 
released from the greater gastric curve 
and the gastroduodenal anastomosis is 
further accomplished using a posterior 
continuous suture of fine catgut which 
includes the full thickness of both the 
gastric and duodenal walls. (Insert) This 
continuous suture is then advanced ante- 
riorly as an inverting stitch. 


anterior and posterior gastric walls as well as the lesser curve of the 
duodenum. This suture closes the potential weak spot in the anasto- 
mosis which has been referred to as the angle of sorrow (Jammerecke) 
(Fig. 7). 


DISCUSSION 


During the past quarter century literally thousands of cases of vago- 
tomy-antrectomy have been performed throughout the surgical world. 
Unquestionably the combined procedure has stood the test of time and 
accumulated data show it to be associated with the smallest incidence 
of recurrent ulceration of any procedures in current use for treatment of 
duodenal ulcer. Among 589 patients, many of whom have been followed 
from 10 to 15 years, Farmer et al.° reported a recurrent ulcer rate of 1.5 
per cent. Thoroughman et al.“ cited a recurrent ulcer rate of 0.4 per 
cent over a 14-year follow-up. Wolf et al.*4 in reporting 547 patients cited 
a recurrence rate of 0.6 per cent during a 10-year follow-up. In Palumbo 
and Sharpe’s series*® of 611 patients undergoing distal antrectomy and 


Figure 7. The anastomosis is completed 
with an outer layer of interrupted seromus- 
cular silk sutures. Care is taken to close the 
angle at the lesser curve with one triangular 
suture. 
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vagotomy, a recurrence rate of 0.6 per cent was tabulated among 597 pa- 
tients followed. Without exception all surgeons who have had experi- 
ence with vagotomy-antrectomy acknowledge this remarkably low rate 
of recurrent ulceration and even the critics of the combined procedure 
acknowledge this fact. Over the years the main criticism of vagotomy- 
antrectomy has been the operative mortality which varies from 1 per 
cent in experienced hands up to 5 per cent among those with less expe- 
rience. Jordan and Condon*! rightfully stressed that vagotomy-antrec- 
tomy could be performed with a mortality rate comparable to that of a 
lesser procedure if extremely high risk patients were excluded. This 
decidedly has been our experience over the years and as stated we per- 
form the combined procedure in 95 per cent or more of our patients and 
reserve operations of lesser magnitude for the elderly high risk individu- 
al. 

There is no question but that truncal vagotomy-pyloroplasty is cur- 
rently the most widely used operation throughout America to control the 
complications of duodenal ulcer. The advocates of this procedure stress 
the low operative mortality (less than 1 per cent in elective cases) and 
technical simplicity.*!° 12 The recurrent ulcer rate, however, varies 
from 3 per cent to 30 per cent with most reports citing a recurrent ulcer 
rate of 10 to 15 per cent. The advocates'* 72> of truncal vagotomy- 
pyloroplasty, however, fail to appreciate that the 10 to 15 per cent of pa- 
tients who do develop recurrent ulceration, not infrequently have mas- 
sive bleeding or acute perforation, and reoperation for control of these 
complications under such circumstances is often associated with a mor- 
tality in the range of 5 per cent or more. Thus the mortality of 1 per cent 
or less following the initial operation of truncal vagotomy-pyloroplasty does 
not reveal the entire story. It is undeniable that the mortality and mor- 
bidity following re-operation for ulcer recurrence is directly related to 
the original procedure. This is not to say that truncal vagotomy- 
pyloroplasty has no place in the treatment of the complications of ulcer 
disease. In our opinion it has definite value as a compromise operation 
when faced with a severe posterior penetrating ulcer that does not lend 
itself to resection and when one encounters the elderly poor risk individ- 
ual who will not tolerate an operation of greater magnitude. 

Gastric selective vagotomy-pyloroplasty has been used by only a few 
groups in America!:*® but the procedure is widely used throughout 
Europe and the British Isles.!2 The mortality rate following this opera- 
tion is comparable to that of truncal vagotomy-pyloroplasty but the re- 
current ulcer rate is much less, varying from 3 to 10 per cent with most 
observers noting a recurrent ulcer rate in the range of 6 to 8 per cent. 
Studies have shown that gastric selective vagotomy results in a much 
lower incidence of positive insulin responses than does truncal vagot- 
omy. This probably does not result from the fact that a more complete 
technical vagotomy is achieved with the gastric selective technique. 
Currently many observers speculate that the negative Hollander test 
may in part result from a humoral mechanism originating from the 
midgut which inhibits the gastric antrum.” It is possible that the VIP 
and the GIP hormones may play a role, as it is known that these agents 
are potent gastric antisecretagogues. 
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In recent years considerable excitement has arisen regarding the 
operation of proximal gastric vagotomy or parietal cell vagotomy. This 
procedure denervates only the parietal cell mass of the stomach while 
maintaining innervation to the antral pump, the gallbladder, common 
duct, pancreas, small intestine, and right half of the colon. Theoretically, 
at least, with the pylorus and antral pump left undisturbed and with 
vagal innervation to adjacent viscera maintained, the likelihood of 
postgastrectomy sequelae should be absent or diminished considerably. 
It is of extreme interest that this procedure is by no means a recent con- 
cept. It was conceived and reported experimentally in 1957 by Charles 
Griffith and the late Henry Harkins.!* When they performed the opera- 
tion on the experimental animal they found that gastric secretory activ- 
ity was lowered appreciably and gastric motility and gastric emptying 
were almost comparable to that of the control animals. These observers, 
however, never employed the operation on a clinical basis. It remained 
for Hart and Holle of Munich in the early 1960’s to perform the proce- 
dure on man. These observers over the ensuing years have amassed a 
large amount of clinical material] but have elected to combine the opera- 
tion with a pyloroplasty. Their results have been reported as excellent.'® 
23, 24 

During the past 8 years Amdrup and his group and Goligher, Wilkin- 
son, and Johnston have reported encouraging preliminary results using 
parietal cell vagotomy without drainage. These observers**: !% 28: 30, 34 
have now operated upon approximately 600 patients with near zero mor- 
tality and with excellent overall results. The dumping syndrome has not 
been completely eliminated, but has been reduced to approximately 5 
per cent with no severe case of dumping occurring. Diarrhea also has 
not been completely eliminated, but no case of severe diarrhea has oc- 
curred. 

Recently Johnston” in a worldwide survey of results with over 5000 
parietal cell vagotomies performed electively without drainage for 
duodenal ulcer recorded a mortality rate of 0.3 per cent. The side effects 
of early dumping, bilious vomiting, and diarrhea have been lowered 
appreciably in comparison to other standard operations for ulcer. It is 
Johnston’s current opinion that parietal cell vagotomy is probably the 
safest operation for duodenal ulcer, because the alimentary tract is not 
violated and there is no suture line or anastomosis to contend with. The 
operation appears from preliminary studies to be particularly applicable 
to the patient undergoing an elective operation for intractable pain. 
Obesity is no contraindication to the procedure. Parietal cell vagotomy, 
likewise, in selective cases can be applied to the patient with an acute 
perforation and to some cases of massive hemorrhage where the 
surgeon is able to open the anterior duodenal wall distal to the pylorus 
and transfix the bleeding vessel without violating the integrity of the 
pyloric sphincter. Significant gastric outlet obstruction is a definite con- 
traindication to the operation but in mild cases of obstruction where 
there is not appreciable retention, the pyloric outlet and duodenum may 
be safely dilated with a Maloney dilator and parietal cell vagotomy per- 
formed.” Johnston” * has recently stressed that in some cases of gas- 
tric outlet obstruction the stenosis may be located distal to the pylorus 
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and one may perform a plasty on the anterior duodenal wall distal to the 
pylorus to relieve the obstruction and then proceed with parietal cell 
vagotomy. 

During the past 21/2 years our group has been engaged in a prospec- 
tive randomized study randomizing parietal cell vagotomy against trun- 
cal vagotomy-antrectomy and gastric selective vagotomy-pyloroplasty. 
Our work has not been reported to date but preliminary data parallel 
that of Johnston and others.2”?8 In a group of approximately 100 pa- 
tients we have experienced no mortality and the morbidity has been ex- 
tremely low. No recurrent ulcer has yet appeared over the short follow- 
up study. Dumping symptoms have occurred in approximately 3 per 
cent of patients as compared to 20 to 25 per cent undergoing conven- 
tional operations for ulcer. Diarrhea has occurred in 1 per cent but has 
not been severe. With other operations for ulcer the incidence of diar- 
rhea is around 10 per cent with approximately 1 per cent of patients ex- 
periencing disabling gastrointestinal symptoms. Secretory data on our 
patients are incomplete at present, but other groups have reported a 
reduction of BAO of 85 per cent which has remained constant up to 5 
years. There has been some increase in PAO over the follow-up and this 
may be a cause for concern. Also a large number of patients undergoing 
parietal cell vagotomy are now experiencing a return in gastric acidity 
upon insulin stimulation, whereas during the early postoperative period 
the response to insulin was nil in over 95 per cent of the cases. 

If one embarks upon the operation of parietal cell vagotomy it is 
mandatory that the operative technique be mastered from the beginning 
or else the operation is doomed to fail.” *: #2 One should have a clear and 
precise knowledge of the anatomy of the neurovascular structures of 
the stomach and should not undertake the procedure unless first having 
been taught the fundamental steps by one’s peers. Some of the early 
high recurrent ulcer rates following parietal cell vagotomy were no 
doubt due to inexperience with the technique, since subsequent reports 
by the same authors after gaining further experience shows a marked 
diminution in the ulcer recurrence rate. For the present, at least, I firm- 
ly believe that parietal cell vagotomy is still in the experimental stage 
and that it should be undertaken only by those individuals in university 
centers where patients can be thoroughly and adequately studied or by 
individuals with a thorough knowledge of the procedure who are 
engaged in prospective randomized studies. 

It is my current feeling that vagotomy-antrectomy, preferably with a 
Billroth I reconstruction, is the most effective operation in current use 
to control recurrent ulceration. In those cases where the duodenum 
lends itself to resection, and this usually comprises 95 per cent of pa- 
tients, it is our operative procedure of choice. Gastric selective vagot- 
omy-pyloroplasty may in the future prove to be as effective as truncal 
vagotomy-antrectomy but additional long-term follow-up is necessary to 
adequately evalutate this operation. Truncal vagotomy-pyloroplasty, in 
my judgment, is not an ideal operation to use for the complications of 
ulcer. I feel its use should be restricted to the high-risk patient who un- 
dergoes either an elective or emergency operation in which the immedi- 
ate salvage of life is of main concern and where consideration of long- 
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term protection against recurrent ulcer is not the main problem. If this 
philosophy is adhered to and if the high risk patients are omitted, vagot- 
omy-antrectomy can be performed with as low an operative mortality as 
the lesser procedures and with a much better guarantee against future 
ulcer disease. 
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Symposium on Peptic Ulcer Disease 


Personal Observations and Experiences 
in the Diagnosis and Management of 
Ulcer Disease and Disabilities That 
Follow Peptic Ulcer Operations 


Norman C. Tanner, M.D., F.R.C.S., F.A.C.S., (Hon.), F.R.C.S.I. (Hon.)* 


Most operations involving the stomach, particularly those for ulcer 
or cancer, may lead to unpleasant side effects. Those which lead to no 
side effects are operations which produce no physiologic change, e.g., 
gastrotomy, simple excision of a peptic ulcer, or the Ramstedt pyloro- 
myotomy. 

To be effective, any operation for chronic peptic ulcer must pro- 
foundly change the gastric physiology by bypassing or damaging the 
normal pyloric control of gastric emptying, by altering the acid, pepsin, 
and mucus secretion of the stomach, or by interfering with the antral 
hormone gastrin. As a result, the postprandial content of the upper 
small bowel is altered by its erratic entry, its bulk, and its stage of diges- 
tion. If the celiac branches of the vagus nerve are divided as in truncal 
vagotomy or in mass ligation of the left gastric artery in partial gastrec- 
tomy, then the innervation of the small bowel is also grossly disturbed 
and may further cause motility or digestive abnormalities. My own expe- 
rience with duodenal ulcer surgery spans several decades when dif- 
ferent operations were popular. 


PYLOROPLASTY 


One of the earlier operations used for duodenal ulcer was pyloro- 
plasty (without vagotomy). Dumping symptoms are caused by the loss of 
pyloric control of gastric emptying. They were first described in associa- 
tion with gastrojejunostomy but may occur after any form of pyloro- 
plasty. I first used pyloroplasty in the 1930’s, usually a simple Heineke- 
Mikulicz procedure or the Judd modification in which an anterior 
duodenal ulcer was excised as well, but the physiologic disturbance was 
the same. I found too that a few patients complained of eructation of 
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bile or gastric juice or vasomotor symptoms of flushing and palpitations, 
or faintness and fatigue. This was due to the loss of pyloric control of 
gastric emptying and I sought other alternatives to avoid these side ef- 
fects. 


GASTROJEJUNOSTOMY 


Attempts were made to modify the standard gastrojejunostomy 
operation then employed for mild ulcer cases. These were patients with 
a low acid output, or who were frail. From 1940 to 1944, I modified the 
then standard technique by placing the stoma in the alkali-secreting 
pyloric antrum on the anterior wall with the efferent loop near the 
greater curve. I hoped to give gravitational drainage in this position, in- 
stead of placing it on the posterior wall in the most dependent part of 
the acid-secreting part of the stomach where the jejunum is constantly 
bathed in gastric juice.!’ This was done before data on gastric emptying 
were available. The role of gravity drainage today is of less importance 
than previously thought. 

A decade later Swynnerton showed that the orthodox posterior gas- 
trojejunostomy had a 50 per cent recurrent ulcer rate and the anterior 
juxtapyloric operation 26 per cent. These cases which did not ulcerate 
were about the best results he had seen after peptic ulcer operations and 
many patients with only minor degrees or isolated incidents of reulcera- 
tion were highly satisfied. These operations have largely been aban- 
doned today except in unusual circumstances. 

Gastrojejunostomy was gradually replaced by partial gastrectomy 
for duodenal and gastric ulcer. The presumed benefit of this was the 
removal of hormonal stimuli (gastrin) as well as the removal of part of 
the acid- and pepsin-secreting body portions of the stomach. 


PARTIAL GASTRECTOMY 


The Billroth I (Pean) operation appeared to be physiologic and satis- 
factory in the treatment of gastric ulcer with a small, 2 to 4 per cent re- 
current gastric or stomal ulceration rate. It proved unsatisfactory for 
duodenal ulcer because of a high recurrent ulcer rate. I now use it for 
duodenal ulcer only in association with vagotomy. The most popular 
operation for duodenal ulcer became some form of distal partial gastrec- 
tomy foliowed by a gastrojejunal reconstruction. This produced more 
side effects than gastrojejunostomy but the recurrent ulcer rate was 
low. A (minimum) 5-year follow-up (on two occasions) showed a 2 and 3 
per cent rate of recurrent ulcers (many of which were not severe 
enough to require further operation). The mortality was higher, howev- 
er, but the author was able to report 120 gastrectomies with one death in 
1943,” and since then our mortality for gastrectomy for duodenal ulcer 
has fallen to about 0.5 per cent. This relatively low figure is because bet- 
ter selection has avoided duodenal stump leakage. 
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After partial gastrectomy the incidence of dumping was very similar 
between the Billroth I and the Billroth II operations as shown by a 
follow-up of patients operated on between 1946 and 1949.14 

A few patients noticed intestinal upset after this operation. Iron 
deficiencies may occur depending on food intake. A small number of pa- 
tients have regurgitation of gastric or bilious reflux but this is trouble- 
some in under less than 1 per cent and less than one in 200 requires a 
further operation for its correction. 

Compared with truncal vagotomy, we found partial gastrectomy the 
more satisfactory operation,'® and this was confirmed by Goligher et al.’ 


VAGOTOMY 


Because of the imperfections of the partial gastrectomy operation 
(weight loss, reflux and dumping), Dragstedt reintroduced vagotomy in 
1945.4 I began a series of truncal vagotomies in January 1948. During 
the next 18 months, of 87 cases the routine was to perform simple trun- 
cal vagotomy in most cases where duodenal narrowing was minimal, 
and to add pyloroplasty where there was more severe narrowing. At the 
end of this period a follow-up showed that patients with the worst 
ulcers, i.e., those having pyloroplasty, had done well, but of 55 truncal 
vagotomies without drainage, 54.7 per cent (29 cases) were unsatisfac- 
tory. In most cases, the dissatisfaction was due to delayed gastric evacu- 
ation, causing offensive belching and postprandial discomfort.'* 7° 

The answer to the problem of retention after simple truncal vago- 
tomy was solved by the addition of a drainage procedure at the primary 
operation. Of the 55 simple vagotomies done with drainage, results were 
satisfactory, without gross retention or ulcer recurrence, in 95 per cent. 

The next task was to determine the best drainage operation to com- 
bine with truncal vagotomy. I compared the Heineke-Mikulicz pyloro- 
plasty and gastrojejunostomy. 

In a 5- to 10-year follow-up of 319 cases, 11 had recurrent ulcer (3.3 
per cent). There was an interesting difference insofar as after vagotomy 
and gastrojejunostomy all recurrent ulcers were jejunal, whereas after 
vagotomy and pyloroplasty more than half the recurrent ulcers were 
gastric, the rest were duodenal. 

Comparing truncal vagotomy and pyloroplasty with truncal vago- 
tomy and gastrojejunostomy 5 years after surgery, the side effects were 
similar (Table 1). 

Dumping has diminished with time. In many cases the symptoms 
were minor. 


UNTOWARD SYMPTOMS THAT FOLLOW PEPTIC ULCER 
OPERATIONS 


Before treating postoperative disabilities, it is first essential to diag- 
nose their disorders. An accurate history must be taken. For example 
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Table 1. Residual Symptoms 5 Years After Vagotomy and 
Drainage (319 Cases) : 


ANTERIOR JUXTAPYLORIC 


PYLOROPLASTY GASTROJEJUNOSTOMY 
(202 cases) (117 cases) 

Diarrhea 48 (24 per cent) 34 (29 per cent) 
Hypoglycemia 61 (30 per cent) 32 (27 per cent) 
Pain 

Ulcer-like 6 (3 per cent) 3 (2.5 per cent) 

Non-ulcer cramps etc. 34 (17 per cent) 17 (15 per cent) 
“Fullness” 101 (50 per cent) 57 (49 per cent) 
Vomiting 8 (4 per cent) 2 (2 per cent) 
Regurgitation 12 (6 per cent) 17 (14 per cent) 
Dumping 4 2 
Food intolerance 10 (5 per cent) 6 (4.5 per cent) 


dumping is rare while the patient is recumbent and confined in the hos- 
pital, but it is common to have transient or more troublesome symptoms 
in the early weeks after leaving the hospital. In most cases the symp- 
toms gradually abate, presumably as a result of the body’s adaptation to 
the altered physiology. Thus, reoperation should not be done for most 
disorders under 1 year, during which time dietetic and medical manage- 
ment will be required. 

Because some of these disabilities vary in severity it is tempting to 
regard the more obstinate ones (disabilities and patients) as being neu- 
rotic rather than organic. Nevertheless, the fact that patients having the 
same operation develop similar side effects which are unusual in the 
unoperated population points strongly to some of these sequelae having 
an organic background. It is true that during an emotional crisis post- 
operative disabilities may be more pronounced, and the neurotic or in- 
trospective patient will complain more, but this applies to many organic 
conditions, including peptic ulceration itself. 

I believe it is therefore rarely of much help to send the patient with 
postoperative disabilities to the psychiatrist. 


Dumping Syndrome 

This is due to disruption or bypass of the pyloric sphincter mecha- 
nism and is seen with or without a gastric resection. I have observed it 
after all operations for duodenal ulcer that have included a drainage 
procedure or resection. 

These symptoms include both vasomotor (flushing, sweating, tachy- 
cardia) and intestinal (cramps, diarrhea). The presentation may vary. 
Rarely, fatigue or fainting attacks after a meal may occur and those are 
in part due to the hyperosmolarity of jejunal contents resulting in loss of 
plasma volume into the bowel lumen.':!! Such symptoms may be accom- 
panied by borborygmi and postprandial diarrhea. Because of the great 
fluctuation in blood glucose levels some patients may faint or even have 
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hypoglycemic fits. The diagnosis in such cases depends on the astute 
physician taking blood for glucose determinations during such attacks. 

This condition may be illustrated by the case of a sexagenarian pa- 
tient who had an excellent overall result following partial gastrectomy 
for duodenal ulcer. He lived in the country but had a small apartment in 
London. On two occasions, each while he was in London, he had 
collapsed about 2 hours after breakfast and was admitted to a hospital 
where he rapidly recovered after glucose was administered. On ques- 
tioning him we found that in the country his breakfast was bacon and 
eggs. In town he would have cereal with sugar, milk, and coffee. No 
doubt the rapid entry of the latter high fluid and carbohydrate diet was 
the cause of the fluctation in his blood sugar. Explanation of the cause 
and a change in his town breakfasts solved his problem. 

Assays of the kinin levels in dumping patients with vasomotor 
symptoms show that the kinin levels are elevated.” A return of kinin 
levels to normal follows a successful operation for dumping symptoms 
(jejunal interposition). In those in whom symptomatic relief does not 
occur following surgery the kinin levels remain elevated.* This certainly 
points to an organic cause for at least one of the more common post- 
operative disabilities. 

Before undertaking an operation for dumping my experience has 
shown that iron deficiency anemia or a low blood volume should be cor- 
rected.'® 

An Arab patient was quite incapacitated after meals by vasomotor 
symptoms and faintness. He had had a vagotomy with gastrojejunos- 
tomy some years before for duodenal ulcer, and in 1960 I recommended 
dismantling of the gastrojejunal anastomosis and the performance, if 
necessary, of a short pyloroplasty. Before the operation it was discovered 
that the patient had a low hemoglobin and after closer questioning that 
he was losing blood daily from hemorrhoids. The operation was there- 
fore changed to simple hemorrhoidectomy which terminated the blood 
loss, and a few weeks later the patient was able to give a 6-hour speech 
to his country, and the problem of troublesome dumping never occurred 
again! 

Another indication of the importance of iron deficiency was shown 
in Wastell’s® 11 to 20-year follow-up of 192 of the author’s cases of 
truncal vagotomy with drainage. Ninety-seven per cent of the patients 
with vagotomy and pyloroplasty were satisfactory, but after vagotomy 
and gastrojejunostomy 91.2 per cent were satisfactory. The difference 
was that the latter series had lower serum iron and hemoglobin values, 
perhaps contributing to subclinical anemia and dumping. By giving iron 
orally to the latter group the percentage of satisfactory cases rose. There 
are many advantages in the truncal vagotomy and gastrojejunostomy, 
but it is important to advise these patients to have regular blood exami- 
nations, or perhaps to take oral iron regularly. 

If these deficiencies are corrected and dietary management has 
failed to control dumping, an operation may be necessary. 

The operation I have most commonly used for this was suggested by 
Henley in 19528 and consists of interposing a reversed limb of jejunum 
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between stomach and intestine. It is done as a secondary procedure. It is 
not used as a primary operation because of the high risk of recurrent ul- 
ceration. An interposition of a reversed loop of jejunum greatly delays 
gastric emptying. I first used this on a postgastrectomy patient thought 
to have an epileptic seizure. He was hypoglycemic and was referred by a 
neurologist. The gastrectomy was dismantled, continuity was estab- 
lished by connecting the stomach remnant with the duodenum, and a 
reversed jejunal loop of 4 cm was placed between the gastric stoma and 
duodenum. Thereafter the patient had no more ‘fits’ and no more dump- 
ing. 

With regard to the interposition of an antiperistaltic loop of jejunum, 
it must be remembered that there is a critical length, above which trou- 
blesome gastric retention may occur (Fig. 1). This critical length de- 
pends on whether a vagotomy has been carried out. Generally speaking 
3 to 4 cm of unstretched reversed jejunum between the gastric stoma 
and duodenum is adequate to prevent rapid emptying of the stomach, 
though this may mean utilization of 10 to 14 cm of jejunum. If gastric 
emptying is delayed enough to cure dumping, then any weakness of 
reflux in the gastroesophageal sphincter mechanism may be evident and 
worsened. On more than one occasion repair of a hiatus hernia with 
reflux was necessary after an interposed jejunal limb. Dumping symp- 
toms that follow vagotomy with pyloroplasty or gastrojejunostomy with 
antrectomy may be treated by the reversed jejunal limb. Dumping fol- 
lowing vagotomy and pyloroplasty may be dealt with by an operation 
called pylororrhaphy or pyloric reconstruction. This was first done by me 
in January 1970. Quite independently Christiansen, Hansen, and Peder- 
sen’ used an almost identical procedure in 1972 and reported five satis- 
factory cases in 1974. This entails exposure of the pyloroplasty and 
incision and opening of the suture line (Fig. 2). The divided ends of the 
pyloric sphincter are identified. A No. 32 nasogastric tube is passed and 
the severed ends of the pylorus are united with catgut suture over the 
nasogastric tube. The incision is then repaired longitudinally, restoring 
the pyloric musculature. If it proves impossible to close the incision over 
the tube, as a result of ulcer fibrosis, a shorter pyloroplasty or duodeno- 
plasty will be required. After the operation the nasogastric tube is re- 
placed by a smaller nasogastric tube placed beyond the pylorus, and the 
patient is fed through this until oral feedings are started. 

There may be a delay in gastric emptying for 1 to 3 weeks after this 
operation. The only permanent delay occurred in a case where it proved 
difficult to close the pylorus adequately over the gastric tube and later 
gastric drainage was required. 

After successful repair cases near normal anatomy is seen on radio- 
graphic examination (Fig. 3). 


Bilious Vomiting 


This rare problem may occur after gastrojejunal anastomosis, pyloro- 
plasty, or the Billroth I operation, though it is usually less severe in the 
latter procedures. It is covered in detail elsewhere in this volume. The 
patient typically complains of epigastric burning which is relieved by 
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Figure 1. Interposed antiper- 
istaltic reversed jejunal limb for 
treatment of dumping syndrome. 


vomiting bile. As much as a liter of bile may be brought up in a day. 
Anorexia, wasting, and in longstanding cases, pulmonary tuberculosis, 
mental depression, or suicide may follow. In severe cases medical man- 
agement offers little and an operation, usually some form of Roux-en-Y 
conversion, will be needed. Before operation one must be certain that 
the vomited fluid is bile. The reason for this is that many patients may 
regurgitate a little juice and because it tastes bitter, call it bile. A Roux 
conversion will do little to improve vomiting of gastric juice and well- 
nigh all the failures after Roux conversion are due to a wrong preopera- 
tive diagnosis of inflammatory changes in the stomach. 
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Figure 2. Pylororrhaphy. Pyloro- 
plasty incision is opened transversely 
and closed longitudinally over a 32 
French nasogastric tube. 
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An opaque meal after pylororrhaphy. The pylorus looks normal. 


Figure 3. 
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In the past, bilious vomiting has been thought to be due to the inter- 
mittent release of bile in the afferent loop, and it has been called the “af- 
ferent loop syndrome.” In my opinion there is no such condition and the 
real cause of the burning pain is bilious gastritis, hence its relief by 
vomiting bile.’® 

With regard to conversion to a Roux anastomosis, this may be dif- 
ficult and time-consuming, particularly if the gastrojejunal anastomosis 
is retrocolic, or if there are dense adhesions in the abdomen. 

Therefore, in conversion to Roux anastomosis the author introduced 
the “Roux 19” conversion in 1950 (Fig. 4). In this modification, the trans- 
verse colon is found and the inferior surface inspected. The afferent 
jejunal loop is at once found. The efferent loop is next identified. The af- 
ferent loop is transected and each end held in a fine crushing clamp. The 
distal (gastric) end is anastomosed end-to-side to the highest convenient 
part of the proximal efferent loop. The proximal (duodenal) end, carrying 


Figure 4. A Roux ‘19’ con- 
version. 


15-20cm 


‘ROUX 19! 
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Figure 5. A, An antecolic valved partial gastrectomy, associated with bile vomiting. 
The afferent loop is usually of normal calibre. B, The same after Roux “19” conversion. 


the bile and duodenal and pancreatic secretions is anastomosed end-to- 
side to the efferent loop 15 to 20 cm beyond the first anastomosis. This 
will carry the biliary secretions well away from the stomach and elimi- 
nate any possibility of bilious gastritis or vomiting (Fig. 5). An additional 
advantage of the ‘“Roux 19” is that both efferent and afferent exits from 
the stomach remain, improving gastric emptying, bearing in mind that 
some cases of bilious vomiting or gastric distention are due to efferent 
loop kinking or obstruction. 


Diarrhea 


This is covered in detail elsewhere in this volume. After partial 
gastrectomy, I have noted that in some patients without vagotomy 
there is a tendency to colonization of the small bowel with colonic bacte- 
ria. If this is the cause of diarrhea, treatment for 5 to 6 days, two or 
three times a year, with a sulfonamide intestinal antiseptic may be help- 
ful. If the diarrhea is episodic with severe bouts lasting a day or two, 
then it is possibly due to inadvertent vagotomy, for a ligature around the 
main pedicle of the left gastric artery will, unless great care is taken, 
also encircle and damage the celiac branch of the posterior gastric 
nerve. Certainly the best means of treating this diarrhea is prevention. 
Selective and highly selective vagotomy have been suggested as ways of 
decreasing the incidence of diarrhea after vagotomy. 

In 1948 Jackson? suggested that only the stomach needed denervat- 
ing, and that the pancreatic and celiac branches of the vagus nerves 
could be spared. Various methods of effecting this have been de- 
scribed.”° 

Selective vagotomy appeared to abolish the problem of severe diar- 
rhea. The operation was still far short of perfection in a small number of 
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cases because of the loss of pyloric control, due to the associated 
drainage procedure. Thus, in common with many other surgeons, in 
1970 I commenced to use the highly selective (proximal gastric) vago- 
tomy, cutting all the nerves to the body of the stomach, but preserving 
the nerve of Latarjet to the antrum. It was suggested that in cases of 
duodenal stenosis a pyloroplasty should be added. This seemed to nullify 
the purpose objective of the highly selective operation, which was to 
abolish dumping and diarrhea. Thus, in November 1970 I introduced 
duodenoplasty,> which briefly consists of making a longitudinal incision 
over the narrow part of the duodenum, followed by transverse resuture 
after the fashion of Heineke-Mikulicz pyloroplasty, but avoiding incision 
into the pyloric sphincter (Fig. 64). In cases with a stenosing superior 
duodenal and a large inferior diverticulum a Finney type of procedure 
may give better drainage, again avoiding damage to the pyloric ring 
(first used in April 1971) (Fig. 6B). The operation of highly selective 
vagotomy with duodenoplasty in a minority of cases has since been ex- 
tensively practised by my successor at St. James’s. He has found it ef- 
fective even in gross stenosis with retention. Since November 1970 at 
St. James’s Hospital, London, the highly selective operation has been 
employed in 278 cases, 32 required a duodenoplasty. Despite the newer 
vagotomies, there are many truncal vagotomies still carried out, and 
bearing in mind the satisfactory 11 to 20 year result in our own cases, 
one cannot campaign against truncal vagotomy. Greater expertise is 


Figure 6. A, Duodenoplasty similar in design to a Heineke-Mikulicz pyloroplasty. B, 
Duodenoplasty similar in design to a Finney pyloroplasty. 


OBSERVATIONS ON ULCER DISEASE 1361 


Figure 7. A reversed loop seen at laparotomy over a year after surgery. The suture lines 
are indicated. The proximal bowel is dilated while the distal segment is normal in calibre. 
B, An opaque meal shows dilatation of the small bowel following reversal of 14 cm of ileum. 


required for the selective procedures, and the safety of truncal vago- 
tomy has been impressive. 

However, of many hundreds of truncal vagotomies personally car- 
ried out and cases sent from other clinics, five cases of diarrhea were 
severe enough to warrant surgical reintervention. The only procedure 
found to be of help was a reversed small intestinal loop.® Arbitrarily it was 
decided to reverse 14 cm of ileum, and place it two-thirds of the measured 
distance between duodenum to the ileocecal valve. 

This was effective in five cases of diarrhea. Tried in a sixth case for 
dumping it failed. In two cases it was possible to examine the reversed 
loop a year or more later. 

In each case a variable degree of colic followed the operation. The 
reversed loop had acted as a subacute small bowel obstruction, with 
dilatation before the loop (Fig. 7). A barium roentgenogram showed the 
dilatation above the reversed loop (Fig. 7B). This operation, used for 9 
years, remains our main surgical solution until a better answer is found. 


Conversion Operation 


For many years I changed a gastrojejunal anastomosis by convert- 
ing it to a gastroduodenotomy (Billroth I). This was done before Roux- 
en-Y anastomosis or interposed jejunal segments were popular. My 
results at 5 or more years are shown in Table 2. They are compared to a 
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Table 2. Results 5 Years or More After Billroth I Conversion 
Operations (Gastroduodenal Anastomosis) 


NO. OF 

SYMPTOM CASES CURED IMPROVED UNCHANGED WORSE 
Total 55 14 37 3 1 
Bilious vomiting 34 ial 119) 10 1 
Fullness, pain 

or nausea p.c. 29 13 12 4 10) 

Vasomotor 14 4 6 4 0) 
Diarrhea 10 10) Uf 1 2 


subsequent group who had a Roux 19 conversion (Table 3). The superi- 
ority of “Roux 19,” although the Billroth I occasionally cures bilious 
vomiting, is evident and the “unchanged” group for bilious vomiting 
after ‘““Roux 19” are, I am sure, cases of inaccurate diagnosis. 

A most interesting feature of the conversion to Billroth I was that 
between one-third and one-half of those unable to take milk or eggs 
before operation tolerated them with comfort after surgery. The same 
applied to the ‘‘“Roux 19,” after which two-thirds of those unable to take 
milk and eggs were able to do so. I am uncertain of the mechanism in- 
volved. Since the ‘‘Roux 19” is simpler it is now much more frequently 
used than Billroth I conversion today. 


Recurrent Ulceration 


Many of these modifications may increase gastric secretion by 
reducing gastritis and thereby increase the risk of recurrent ulceration, 
particularly if a vagotomy has not been carried out. One should listen 
carefully to any complaints the patient may make which indicate the 
possibility of recurrent ulcer disease after any of these operations. 


Table 3. Results'5 Years or More After “Roux 19” 
Conversion Operations 


NO, OF 
SYMPTOM CASES CURED IMPROVED UNCHANGED WORSE 

Total 41 23 10 4 4 
Bilious Vomiting 29 23) 4 2 = 
Fullness, pain 

or nausea p.c. 18 9 6 2} 1 
Vasomotor 5 ji 3 a 
Diarrhea 3 - 2 1 - 


ee 
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Symposium on Peptic Ulcer Disease 


Selective Visceral Angiography in the 
Diagnosis and Treatment of 
Gastroduodenal Hemorrhage 


Paul Janicki, M.D., and Ralph J. Alfidi, M_D. 


The role of the radiologist in the evaluation of the patient with 
symptoms of a peptic ulcer has, in some respects, changed very little. 
The radiologist remains primarily a morphologist as he goes about every 
Spring and Fall filling ulcer niches with barium sulfate and searching 
for ulcer mounds, radiating folds, Hampton’s lines, and, occasionally, 
free intraperitoneal air. The diagnostic criteria for distinguishing be- 
tween benign ulcers and malignancy have been established. Vast num- 
bers of peptic ulcers are visualized, diagnosed, and followed success- 
fully by roentgenographic techniques. 

A significant number of ulcer patients require hospitalization be- 
cause of recurrent symptoms or development of complications. It has 
been estimated that about 25 per cent of ulcer patients require hospital- 
ization for hemorrhage.2? Acute hemorrhage may often be the first 
symptom of an ulcer, and may develop without warning. In these in- 
stances efforts to localize the site of bleeding, determine the etiology, 
and then treat are necessary. Advances in angiography and pharma- 
coangiography have enabled the radiologist to complement his col- 
leagues, particularly the endoscopist and the surgeon. His role today is 
both diagnostician and therapist. 

Within a generation, gastrointestinal angiography has grown from 
an academic curiosity to a very useful diagnostic and therapeutic tool.” 
Rostelli”? first demonstrated gastrointestinal bleeding by angiography in 
1959 when he showed extravasation of contrast material into the duo- 
denum of a patient who had died from a bleeding ulcer. In 1960 
Margulis et al.,!° using intraoperative arteriography, demonstrated acute 
gastrointestinal bleeding from both a bleeding colonic neoplasm and an 
intestinal arteriovenous malformation. In 1963, Nusbaum and Baum” 
clinically used selective angiography and demonstrated that as little as 
0.5 cc of bleeding per minute could be identified. These lesions were 
produced in animals. The minimal rate of bleeding that can be detected 
in humans is unknown; estimates range from 0.5 to 3 cc per minute. 
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Since then numerous articles have appeared establishing the usefulness 
of angiography in the localization of hemorrhage throughout the gas- 
trointestinal tract. 

Again, Nusbaum et al. in 1967 introduced selective pharma- 
coangiography for the control of bleeding esophageal varices. Although 
the use of systemic vasoconstrictors had been suggested for the control 
of hemoptysis as early as 1911,° and intravenous administration for 
control of variceal bleeding in 1956, Nusbaum et al. showed that portal 
hypertension and variceal bleeding could be controlled by selective in- 
fusion of Pitressin into the superior mesenteric artery.'? Subsequently, 
in another group of patients, they were able to control arterial gastro- 
intestinal hemorrhage as well.” '4 Since the late 1960’s angiographic tech- 
nique has progressed and, in addition to infusion of vasoconstrictors,”" 
autologous clot,!® 27 Gelfoam,* polyvinyl alcohol, modified Foley balloon 
catheters,® Silastic and epoxy glues® have at one time or another been 
used to occlude or sclerose bleeding vessels. More importantly, these 
techniques are routine in residency programs, and are now available 
throughout the country. 


INDICATIONS IN BLEEDING ULCERS 


Emergency angiography is indicated for acute hemorrhage when 
the site of hemorrhage is unknown (when vital signs are maintained by 
replacement). The history and physical findings are clues to where the 
hemorrhage may originate. In a significant number of patients (perhaps 
50 per cent) with previously diagnosed esophageal varices" and peptic 
ulcers, the site of hemorrhage is from other lesions. Bright red blood 
passed by rectum usually indicates lower gastrointestinal bleeding, but 
may in fact result from brisk duodenal hemorrhage. The results of ex- 
ploratory surgery, when the source is not established preoperatively, 
have not infrequently resulted in uncomfortable and frustrating mo- 
ments for surgeons. Therefore, vigorous attempts to localize accurately 
the bleeding site by endoscopy or angiography or both are warranted 
before surgery, even in acute bleeding. 

The use of endoscopy has increased as instruments have improved. 
Bleeding from the upper gastrointestinal tract can be visualized from 
the esophagus to the ligament of Trietz, and endoscopy often obviates 
the need for further diagnostic investigation. There are some limitations 
to endoscopy, however. In patients with varices the distinction between 
portal venous and arterial bleeding is sometimes difficult, and a signifi- 
cant number of patients diagnosed to have bleeding varices are sub- 
sequently found by angiography to have arterial bleeding. Likewise, in a 
patient with profuse hemorrhage, copious amounts of fresh blood and 
clot may obscure the site of origin. Lastly, little can be done at endos- 
copy to control bleeding. 

Angiography may not only accurately localize hemorrhage, but in 
patients who are at high risk from immediate surgery because of 
compromised renal, cardiac, or pulmonary functions, bleeding may be at 
least temporarily controlled by selective infusion of vasoconstricting 
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drugs. This significantly reduces blood loss® and allows better prepara- 
tion of an emergency patient. Because bleeding in ulcer disease may 
occur in self-limited episodes, if angiography is contemplated, it should 
be done while the patient is actively bleeding. 

The use of barium is mentioned only to be deprecated. Barium 
studies should not be initially done in acute bleeding and are indicated 
for patients with chronic blood loss or after bleeding has been controlled, 
but the source not localized. Barium in acute bleeding obscures physical 
and roentgenographic landmarks and precludes visualization of the 
bleeding site by angiography for at least 24 hours. Whether angiography 
should precede endoscopy is academic. These procedures complement 
each other and their use will depend on local situations at every hospi- 
tal. 


TECHNIQUE 
The patient should be accompanied to the angiographic suite by the 


physician responsible for the patient. Percutaneous catheterization via 
the femoral or axillary approach by the Seldinger technique is followed 


Figure 1. 54-year-old male with bleed- 
ing from gastritis before and after Pitressin 
infusion into gastroduodenal artery. A, 
Preinfusion, arterial phase. B, Preinfusion 
capillary phase. C, Postinfusion, arterial 
phase. 
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by selective injection of iodinated water soluble contrast material into 
the celiac, superior mesenteric, or inferior mesenteric arteries. The 
order of injection is indicated by historical and endoscopic findings. 
Magnification and subtraction techniques, when available, may help in 
localizing a small bleed, but are dependent on the patient’s cooperation, 
and are seldom necessary in acute bleeding» Once the site of hemor- 
rhage is identified, the vessel nearest the site is selectively catheterized. 
Pitressin is infused at a rate of 0.2 units per minute for 15 minutes, and 
the angiogram is repeated using the same technique and rate of injec- 
tion. The rate of infusion is then titrated as needed to control hemor- 
rhage or until a limiting dose rate of 0.4 units per minute is reached. 

Immediate surgery is necessary when bleeding is not controlled by 
Pitressin. If the patient is a poor surgical risk, and if the catheter is 
subselectively placed near the bleeding site, autologous clot, Gelfoam 
mixed with clot, or a Fogarty catheter can be used to occlude the bleed- 
ing vessel. Autologous clot may recanalize after several days, whereas 
Gelfoam forms a permanent occlusive plug. 

If bleeding ceases with the Pitressin infusion, a sterile dressing is 
applied over the entry site of the catheter and the patient is transferred 
to an intensive care unit. A combination wall current/battery operated 
pump permits continuous delivery at a controlled rate. Following the 
procedure, the urinary output should be monitored, and the site of the 
arteriotomy and peripheral pulses routinely. inspected. If no further 
bleeding occurs, the rate of infusion is halved at 24 hours, dextrose and 
water is begun at 48 hours, and the catheter is removed at 72 hours. 


COMPLICATIONS 


The reported complications from angiographic infusion of Pitressin 
are many and varied. The reported incidence of complications varies 
from less than 10 per cent to more than 35 per cent. The complications 
range from a simple dislodgment of the catheter from the selected ar- 
tery to respiratory and cardiac collapse. They can, however, be dually ca- 
tegorized as those related to placement of the catheter and those second- 
ary to infusion of Pitressin. 

Catheter migration, clotting of the catheter, bleeding around the 
catheter and hematoma formation or thrombosis at the site of the ar- 
teriotomy, peripheral embolization, and septicemia are related to place- 
ment of the catheter and its maintenance for prolonged periods of time. 
Catheter migration is the most common cause of infusion failure and 
can be minimized by puncture high in the common femoral artery away 
from the bifurcation and by proper fixation in the groin. Bleeding 
around the catheter and hematoma formation are usually related to ab- 
normal blood clotting, but are evident at the time of catheterization and 
can be treated by removal of the catheter and compression. Major 
complications secondary to thrombosis, embolism, and septicemia are 
much less common, but their incidence increases with prolonged cathe- 
terization and infusion. Aseptic conditions must be maintained at the ar- 
teriotomy site and pulses checked hourly. Meticulous care of the arteri- 
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otomy site will minimize complications, but when they occur the infusion 
must be terminated. 

Pitressin is a purified extract of antidiuretic hormone which has 
been separated from the oxytoxic component. It acts directly on the 
muscularis producing vasoconstriction. Its effect is independent of in- 
nervation or sympathomimetic blockers, and the effect is reversible soon 
after infusion is discontinued. Systemic administration causes hyper- 
tension and constriction of the coronary arteries. Gastric motility is 
increased and water is retained. Tachyphylaxis also occurs. Most of 
these side-effects are minimized by local intra-arterial infusion since the 


Figure 2. Selective left gastric angiogram on a 27-year-old male with a tear of the gas- 
tric mucosa after a motorcycle accident. A and B, Preinfusion study showing active bleeding 
in fundus of stomach on arterial and venous phase. C and D, Postinfusion study showing 
significant decrease in bleeding. Patient fully recovered. 
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liver is thought to detoxify the drug. Nevertheless, hypertension and a 
variety of cardiac arrhythmias ranging from bradycardia to ventricular 
tachycardia have been reported. Congestive heart failure secondary to 
water retention has occurred. Several cases of mesenteric vein throm- 
bosis and bowel infarction have been reported as well, but these oc- 
curred in hypotensive patients who had infusions because of variceal 
bleeding.* '” Earlier fears of hepatic necrosis with infusion of the celiac 
axis appear to be unfounded.*’7 

Our experience between 1972 and 1974 includes more than 200 ex- 
aminations for hemorrhage. Eight-four patients have been evaluated for 
acute bleeding, and 23 infusions of Pitressin resulted in a low complica- 
tion rate and no deaths. The complications consisted of three large 
hematomas (one of which required surgical intervention), one case of 
Pseudomonas septicemia, one Case in which the gastroduodenal artery 
was dissected without sequelae, and one patient in whom bradycardia 
developed. Although five of these six complications occurred in patients 
who had been infused, more recent experience indicates a lower compli- 
cation rate. With careful technique and close monitoring of vital signs, 
pulses, and urinary output the complication rate should be minimal. 


COMMENTS 


The value of angiography in identifying the sites of an acute gas- 
trointestinal bleed has been established." ® !*: 1+-24 In a review of 250 pa- 
tients in six published series,!*-® !4'6*4 the site of acute hemorrhage 
was correctly identified in 156 (65 per cent). This compares with our ex- 
perience in which the site of hemorrhage in 42 of 62 patients (68 per cent) 
with acute arterial hemorrhage was identified. The control of gastrointes- 
tinal hemorrhage with Pitressin has been established for Mallory-Weiss 
tears, gastritis, superficial and stress ulcer, as well as for control of 
lower intestinal bleeding, particularly from diverticula.‘® * 14: 1% 2° 21 The 
results for bleeding peptic ulcers, however, are less satisfactory for sev- 
eral reasons. Vasoconstrictors are most effective for small arterial and 
capillary bleeding, whereas duodenal ulcers that bleed often involve the 
gastroduodenal artery. In older patients this large artery may be involved 
by atherosclerotic changes. Also the dual blood supply to the gastric an- 
trum and duodenum compensates for constriction of either the superior 
mesenteric artery or the celiac axis, providing continuous blood flow 
despite infusion. Subselective catheterization of the gastroduodenal ar- 
tery may be difficult, and diffusion and dilution, for instance, by infusion 
of the celiac axis will decrease the drug’s efficacy. Of the 23 patients in 
whom we infused, hemorrhage was successfully controlled in 14. Of 
the seven patients with bleeding peptic ulcers four were controlled and 
three were not. The gastroduodenal artery was selectively catheterized 
in the controlled patients, and either the celiac or superior mesenteric 
arteries were infused in those not controlled. These results plus our 
recent experiences emphasize the importance of selective catheteriza- 
tion. There is, however, no way to predict, and occasionally a large 
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duodenal vessel is controlled, at least temporarily, by infusion of the 
celiac axis. Use of preformed catheters has made subselective arterial 
catheterization easier to perform. In addition, simultaneous infusion of 
both the celiac axis and superior mesenteric artery has been used for 
control of duodenal bleeding, and when conventional techniques fail, 
Fogarty balloon catheters or injection of autologous clot may effectively 
stop arterial hemorrhage. While these clots may fragment and embolize 
distally causing segmental necrosis, this is an unusual complication. 
Nevertheless, when this technique is employed this complication must 
be kept in mind. 

In summary, angiography enables the radiologist to complement the 
gastroenterologist and surgeon in the diagnosis and therapy of gastroin- 
testinal hemorrhage. The combination of endoscopy and angiography 
makes it possible to quickly and accurately localize bleeding, to convert 
many emergency situations to elective procedures, and occasionally, to 
provide therapy via relatively noninvasive procedures. Definitive ther- 
apy remains surgical, but in those patients who are poor surgical risks, 
angiography offers an alternative form of treatment. 
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Symposium on Peptic Ulcer Disease 


Medical Management of Bleeding 
Duodenal Ulcers 


Bertram Fleshler. M.D.* 


This review examines the nonsurgical methods presently utilized or 
proposed to treat bleeding from duodenal ulcers. The subject of in- 
travascular delivery of drugs or other agents is dealt with elsewhere. Al- 
though treatment directed at the consequences of bleeding or at coexist- 
ing medical problems materially influences the outcome of the bleeding 
patient, these are not discussed. This discussion focuses on those moda- 
lities designed to influence the bleeding itself. 

Nonsurgical management of bleeding from duodenal ulcer is the 
subject of many reports. Extracting firm judgments from this volumi- 
nous literature is, however, difficult. Some of the reasons for this dif- 
ficulty include: 


1. Upper gastrointestinal bleeding whether due to duodenal ulcer or other le- 
sions tends to be self-limited. This appears to be true whether or not any particular 
therapy is used. Thus it is difficult to be sure whether any mode of treatment is of 
real benefit. 

2. In many reports, all patients bleeding from the upper gastrointestinal tract 
are lumped together. Since the real concern consists of that subgroup with serious 
bleeding, “lumping” also makes judgments uncertain. 

3. Controlled studies (placebo vs. the trial therapy) are not available and may 
not be feasible. Most physicians probably would not agree to withhold therapy from 
“control” patients even if the therapy has not been proven (at least in a statistical 
sense) to be beneficial. Experience, both personal and learned, plus the physician’s 
need to intervene in such a serious situation, impels treatment. Controlled studies 
(“acceptable therapy” vs. ‘“‘acceptable therapy’’) are similarly unavailable. Pre- 
sumably the large individual variation in what is perceived as “acceptable,” the 
difficulties in assembling well-matched groups, and the problems involved in ap- 
plying an adequate protocol by an interested team in situations where the problem 
to be studied must be approached at all hours and at any time of the week or year, 
all play a role. Thus, all reports are essentially anecdotal. 

4. Medical treatment is rarely confined to one approach alone. Under usual, 
clinical circumstances, how can one tell what worked? Was it bed rest, sedation, 
nasogastric suction, lavage, cooling, milk drip—or was this patient going to stop 
bleeding anyway? 

5. Not all treatment modalities may be equally efficacious in treating each 
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cause of upper gastrointestinal bleeding. For example, intragastric instillation of 
norepinephrine may be more effective in hemorrhagic gastritis than it is in duo- 
denal ulcer bleeding. In most reports the cause of bleeding is not accurately de- 
fined. Although controversy exists?” ** as to whether emergency upper endoscopy 
leads to improved prognosis in the bleeding patient, it is clear that early endoscopy 
is the most accurate means presently available for precisely identifying the upper 
gastrointestinal bleeding site. Relatively few studies concerning therapy have used 
early endoscopy to define the location of bleeding. Endoscopy performed later in 
the course, roentgenographic studies or even subsequent surgery (unless per- 
formed while the patient is still actively bleeding) are less accurate. 


The medical treatments for actively bleeding duodenal ulcers dis- 
cussed include: 


1. Feeding and continuous intragastric drip therapy 
2. Intragastric lavage 

3. Gastric cooling 

4, Levarterenol instillation 

5. Controlled gastric pH 

6. Endoscopic control techniques 

7. A group of miscellaneous therapeutic approaches 


In the following sections these treatment methods will be analyzed 
and the accumulated experience summarized. Because of the previously 
mentioned limitations definitive conclusions can rarely be stated. 


FEEDING AND CONTINUOUS INTRAGASTRIC DRIP 
THERAPY 


Before Meulengracht, standard therapy for upper gastrointestinal 
bleeding consisted of bed rest, sedation (frequently with the use of 
morphine), and starvation. Bleeding was generally assumed to be due to 
peptic ulcer disease. This assumption certainly, by later studies, must 
have been highly inaccurate. It is of interest, however, that mortality 
figures ranged from 8 to 10 per cent. In 1947 Meulengracht®* sum- 
marized 1031 cases treated with a frequent-feeding pureed diet. The pa- 
tients were allowed to eat as much of the diet as they wanted. Water and 
milk were left by the bedside and patients were urged to drink these 
freely. All patients had “bleeding peptic ulcers.” The exact diagnosis of 
the bleeding site was rarely established and blood transfusion used 
infrequently. Only 26 patients (2.5 per cent) died. This is an amazingly 
low figure, especially when one considers that these patients were 
treated without “benefit” of intensive care units, multiple transfusions, 
central venous pressure lines, emergency endoscopic or radiologic inves- 
tigations, medical-surgical teams, and all the other assorted personnel 
and paraphernalia surrounding today’s bleeding patient. One would be 
hard-pressed to find a modern, unselected series of patients with peptic 
ulcer bleeding with a mortality rate as low as Meulengracht’s series. Pa- 
tients in Meulengracht’s series all had hematemesis or melena. Patients 
with small quantities of blood in the vomitus or with melena only de- 
tected chemically were not included. Also excluded were patients bleed- 
ing from carcinoma, esophageal varices, or other nonpeptic diseases. 


a 
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Most of the patients who died were so ill that they could not eat or drink 
and thus did not receive the feeding treatment. 

However one assesses the merits of these earlier reports,2® 3 it is 
clear that most patients with bleeding from peptic ulcer disease can be 
fed and will benefit from such a program. Feeding cannot be utilized in 
that subgroup of bleeding patients who are continuously vomiting, 
nauseated, in shock, or who have ileus. This subgroup, however, consti- 
tutes the most difficult to treat (especially if they are in the older age 
group and have complicating health problems) and accounts for the 
bulk of deaths from bleeding duodenal ulcers. 

Intragastric drip is a varient of the Meulengracht approach. Milk plus 
antacid is continuously dripped into the stomach in amounts of 2.5 to 
3.5 liters per 24 hours. Ashby et al.? reported the use of this therapy in 
425 patients thought to be bleeding from peptic ulcer. They added a 
Meulengracht diet to the drip regimen as desired by the patient. Patients 
with esophageal varices, pyloric stenosis, acute gastric dilatation, and 
ileus were excluded. More than a quarter of the patients were over 60 
years of age. The overall mortality was 4.9 per cent. When patients in 
whom the tube could not be kept down during the first 12 hours (usually 
because of vigorous bloody vomiting) were included, the mortality rate 
rose to 6.1 per cent. In the group diagnosed as duodenal ulcer with 
hematemesis (200 patients), the death rate was 5 per cent. 

A more pertinent and realistic view of the efficacy of milk-drip was 
provided by Scobie.*” A comparison was made, within one institution, of 
results of milk-drip therapy on a surgical ward (69 patients) with results 
in a medical ward (76 patients) where milk-drip was not used. Patients 
were not randomly selected and the sites of bleeding within the upper 
gastrointestinal tract not fully defined. All patients required transfu- 
sions and the average blood transfusion requirements were similar in 
both groups. Emergency surgery was required in seven patients in each 
group. It was concluded that milk-drip therapy was of little, if any, 
benefit in the seriously bleeding patient. 

It is evident that frequent, liberal feedings, the use of supplemental 
milk (or antacids), and intragastric drip techniques are associated with 
satisfactory cessation of bleeding in most patients. Whether this is due 
to the therapy or simply reflects the natural history of the disorder is still 
unclear. It should be remembered that even patients treated by the older 
method described briefly in the first sentence of this section, methods 
which are anathema to the modern physician, suffered a mortality rate 
of only 8 to 9 per cent.”® 


INTRAGASTRIC LAVAGE 


Iced saline lavage is widely used in the treatment of active gastro- 
intestinal bleeding. Most reports on alternate forms of therapy, whether 
the other treatments discussed in this article, intravascular delivery of 
drugs or clots, or emergency surgery, apply to patients who have failed to 
stop bleeding with the use of iced saline lavage. Iced saline lavage is 
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presumed to operate by decreasing gastric blood flow and increasing pH. 
The fluid can be chilled to 6 to 8° C by using ice generously, and copious 
amounts of fluid (perhaps up to 10 liters in 30 to 60 minutes) should be 
instilled. A large bore nasogastric tube or Ewald tube permits effective 
instillation of fluid and removal of clots; a double-lumen type** may be 
helpful. Instillation of the iced solution can be alternated or combined 
with the use of solutions to raise gastric pH. Although saline is the tra- 
ditional fluid used, iced water is simpler, cheaper, and does not appear 
to offer any additional hazard.’ 

It is particularly difficult to offer any judgment concerning the ef- 
ficacy of iced-fluid instillation. Obviously many patients do stop bleeding 
during such therapy. The universal acceptance of this form of treatment 
has precluded any reports detailing effectiveness beyond the anecdotal 
notation that patients either did or did not stop bleeding. Those that 
don’t are considered ‘‘failures of usual medical therapy,” and other forms 
of treatment are then used. 


GASTRIC COOLING 


Although the iced saline or water lavage which is widely used in 
upper gastrointestinal bleeding probably exerts its effect by cooling, the 
term gastric cooling is usually reserved for more formal attempts at low- 
ering gastric temperature by the use of one of several types of gastric 
cooling machines. These machines consist of a refrigeration unit, a 
pump, a nasogastric tube, and an attached gastric balloon. A cooling mix 
(water-alcohol) is circulated in order to bring the temperature down to 
the desired range. Gastric cooling for upper gastrointestinal hemorrhage 
was first described by Wangensteen et al.** Subsequently the concept 
was extended to the use of gastric freezing as a definitive treatment for 
peptic ulcer disease. While gastric freezing has been abandoned, both 
because of its lack of lasting benefit and a high complication rate, gas- 
tric cooling for bleeding continues to have its adherents.” 

The role of gastric cooling in upper gastrointestinal bleeding was 
reviewed in this publication a decade ago.*® Cooling was recommended 
as an emergency procedure for serious bleeding. Circulating fluid tem- 
peratures of 0° C or above (compared with “freezing” temperatures of 0° 
C or below) is used for prolonged periods. The rationale for cooling is 
the demonstration in animals that gastric blood flow is reduced, gastric 
secretion and digestion inhibited, and pepsinogen release blocked. Pre- 
sumably the decrease in blood flow allows initial cessation of bleeding, 
and the decreased secretion inhibits digestion allowing clots to form and 
healing to occur. The experience at the Columbia-Presbyterian Medical 
Center was reviewed.** Bleeding from a variety of upper gastrointestinal 
sites was controlled in 93 of 114 patients with severe bleeding. In the 
duodenal ulcer group (means of diagnosis not specified) bleeding was 
controlled in 13 of 16 patients. Although there was a favorable response 
in a large percentage of the patients, 54 died; five in the duodenal ulcer 
group. This emphasizes that mortality in gastrointestinal bleeding is in- 
fluenced by many other factors than the immediate bleeding itself. 
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In 1966, Rodgers et al.*4 reported experiences at another New York 
City Hospital. Bleeding was controlled in 21 of 33 patients with upper 
gastrointestinal bleeding from various sites. In seven of ten patients 
with duodenal ulcer bleeding, cooling resulted in cessation of bleeding. 
Despite these apparently favorable results, the overall death rate was 52 
per cent and three of the ten duodenal ulcer patients died. This report 
stressed the high complication rate associated with gastric cooling. 
These included pneumonia, septicemia, thermal damage, generalized 
body hypothermia, paralytic ileus, and mechanical difficulties with the 
unit. Although subsequent refinements of the apparatus should render 
mechanical problems less likely, it is clear that gastric cooling is not an 
innocuous procedure and that complications in the poor-risk, briskly 
bleeding patient in whom such an approach might be useful, are not in- 
consequential. 

Since the early and mid-1960’s, enthusiasm has waned and further 
reports are scanty. Cooling with modified units was attempted in two 
overseas centers.® * Sixty-four patients, 27 of whom had a duodenal 
ulcer, were treated with cessation of bleeding, either temporarily or per- 
manently. 

The experiences of Sandlow and Spellberg** were in contrast to the 
above studies. Fifty patients, all either in shock or difficult to maintain, 
were treated. Forty-six had received four or more units of blood in the 
preceding 24 hours. Cooling produced cessation of bleeding, at least 
temporarily, in 45 patients, but bleeding recurred in 25. In 16 patients 
with duodenal ulcer (means of diagnosis not specified), bleeding 
stopped, in six only temporarily. None of the duodenal ulcer patients 
died, but in the overall group 16 died (32 per cent). This figure was com- 
pared with the generally quoted overall mortality figure from all upper 
gastrointestinal bleeding of 8 per cent. Personal experience indicated a 
death rate of 40 to 50 per cent in bleeding patients with complications 
similar to the ones treated by cooling. Since this was an uncontrolled 
study, as were all the others cited, the validity of these comparisons is 
uncertain. Complications of aspiration pneumonitis, cardiac arrhyth- 
mias, and one instance of alcoholic intoxication from a leaking balloon 
(no other numbers given) were ascribed to the procedure. 

Systemic hypothermia (as contrasted to local intragastric cooling) 
has also been advocated to treat bleeding duodenal ulcers.” This proce- 
dure requires intensive nursing care, the use of hypothermia blankets, 
ice packs to the axilla and groin, rectal thermocouples, and drugs to 
prevent shivering. Of 12 patients with massive gastrointestinal bleed- 
ing (not all from the upper tract), control was achieved in nine. The one 
patient with bleeding duodenal ulcer did not respond and four of the 12 
died. Cardiac arrhythmias developed in seven patients, one of whom 
suffered cardiac arrest. Two developed pneumonitis and two severe par- 
alytic ileus. Other experiences have been reported.”® “1 The number of 
patients treated is small, the difficulties with the procedure have been 
emphasized, complications are many, but success (as is true for all 
modalities of treatment reported) does occur. 

The wave of enthusiasm and interest in cooling as a means of ther- 
apy has waned. Despite some favorable results, cooling appears to be too 
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complicated, too uncertain, and fraught with too many hazards to offer 
much promise as a significant therapeutic technique in the treatment of 
duodenal ulcer bleeding (or, indeed, in upper gastrointestinal bleeding 
in general). Few institutions now employ this method and most cooling 
machines are gathering dust in storerooms. Systemic hypothermia has 
not produced any improvement over gastric cooling and is even more 
complicated and perhaps more hazardous to use. 


LEVARTERENOL INSTILLATION 


Levarterenol (norepinephrine) is a potent alpha-adrenergic vasocon- 
strictive agent. It is almost completely destroyed in one passage through 
the normal liver. When no collateral shunting of blood around the liver 
exists levarterenol is instilled into the stomach with little danger of sys- 
temic action.!® Levarterenol (8 mg in 100 ml saline) is instilled into the 
nasogastric tube which is clamped for 30 minutes. The stomach is then 
irrigated to determine whether bleeding was stopped. Instillations are 
repeated 1 to 3 times with diminution and control of bleeding usually 
noted within three instillations. If successful, instillations are repeated 
every hour for 4 to 6 hours; every 2 hours for 4 to 6 hours; then progres- 
sively reduced and discontinued.'* The drug has also been administered 
intraperitoneally (8 mg in 250 ml saline).”° 

In two papers published virtually simultaneously clinical and exper- 
imental data were presented.’® 2° In dogs with an excised gastric muco- 
sal defect, six of eight animals treated with gastric instillation of levar- 
terenol survived and eight of nine with intraperitoneal instillation 
survived. Fifteen of 17 control animals died. In one paper the results in 
18 patients with ‘“‘severe upper gastrointestinal bleeding” (criteria for 
selection and previous attempts at therapy not mentioned) were treated. 
In 12 the bleeding ceased or became insignificant. Cases included bleed- 
ing from postoperative gastrectomy, stress ulceration, gastric cancer, 
and. duodenal ulcer. In the second paper successful cessation of bleed- 
ing in 12 of 18 patients was again reported. Presumably, these are the 
same patients. Kiselow'® reported use of levarterenol in 12 patients in 
whom treatment with intragastric iced saline had been unsuccessful. 
Hemorrhage was controlled in seven instances—a success rate of 54 per 
cent. Treatment was successful in one of the two patients with duo- 
denal ulcer. In other patients with peptic ulcer disease success was 
achieved in one with pyloric ulcer and failure in two with gastric ulcers. 
An attached editorial by LeVeen indicates that the method may be most 
useful in nonpeptic ulcer bleeding (gastritis, stress ulcers, postgastrec- 
tomy bleeding). No untoward effects of levarterenol instillation were 
reported. 

A more recent report’? describes results in 12 patients with massive 
upper gastrointestinal bleeding (shock or blood loss of greater than 3 
liters) and advanced malignant disease. In none was bleeding controlled 
with nasogastric intubage, iced saline lavage, or antacids, and one had con- 
tinued bleeding despite selective intra-arterial injection with vasopres- 
sin. Cessation of bleeding occurred in 11 patients. Five eventually 
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rebled with three again controlled by reinstituting levarterenol lavage. 
Only two patients were definitely shown to have duodenal ulcer (al- 
though others may have)—bleeding stopped in both. Comparison with 
12 other patients from the same hospital treated before and during the 
levarterenol trial, suggested that levarterenol was efficacious. Eleven of 
the 12 died with active bleeding, two of whom had duodenal ulcer. Only 
two of the 12 treated with levarterenol (neither with duodenal ulcer) 
died while actively bleeding. 

An interesting experimental study on levarterenol instillations and 
cooling* has recently been published. In dogs, levarterenol in saline at 
38° C produced a 10 per cent decrease in gastric blood flow when com- 
pared with saline (38° C). Saline instilled at 6.8° C produced a drop of 
45 to 50 per cent compared to control saline. Adding levarterenol to cold 
saline produced a further drop of about 10 per cent. 

If levarterenol exerts its effect through decreasing gastric blood 
flow, its action would seem to be of limited benefit compared with 
cooling. It may be that a significant local vasoconstrictive effect is not 
measured adequately by assessing total gastric blood flow. Such a local 
effect on small vessels may be reason why the action of levarterenol ap- 
pears to be greater in diffuse bleeding produced by such disorders as 
hemorrhagic gastritis than it is for ulcer bleeding, where the vessels in- 
volved usually are larger. 


CONTROLLED pH 


Feeding, milk and antacid drip, nasogastric suction, iced saline 
lavage, and intragastric cooling all tend to decrease gastric acidity. Gas- 
tric pH has not, however, been continuously monitored in these situa- 
tions. It is difficult to evaluate pH control in these forms of therapy. A 
report of meticulous control of pH in the control of upper gastrointes- 
tinal bleeding is therefore of interest. Curtis et al.2 used a method which 
was simple and easy to apply in ordinary bedside situations. The con- 
tents of the stomach were aspirated and the pH measured with phen- 
aphthazine paper (Nitrazine). Sixty ml of antacid was instilled, allowed 
to mix in the stomach for 15 minutes, and the stomach again aspirated. 
If the pH was below 7.0, additional antacid was instilled and the process 
repeated until the pH of the gastric aspirates was neutral. Thereafter, 
antacid was given hourly (following aspiration) to maintain neutrality. 
The amounts of antacid used, obviously, are not significant; the impor- 
tant point being to ensure the neutrality of the gastric contents. Hemor- 
rhage stopped in 23 of 25 patients, three with bleeding duodenal ulcer. 
In one ulcer patient bleeding could not be controlled and the pH could 
not be raised above 4.5 even with the instillation of 200 ml of antacid 
every 15 minutes. The other failure was in a patient with pulmonary 
embolus being treated with thrombolytic therapy. In 17 of the patients 
in whom bleeding was controlled, no further therapy was needed. Five 
died, however, of various causes (metastatic disease, renal failure, 
sepsis, pulmonary failure). Six patients with controlled bleeding un- 
derwent elective surgery, including one with duodenal ulcer. 


1382 BERTRAM FLESHLER 


Meticulous control of gastric pH seems attractive because it is 
simple and without hazard. The experience in control of hemorrhage ap- 
pears to be favorable. The high death rate despite adequate control of 
hemorrhage emphasizes a recurrent theme in discussions of massive 
gastrointestinal bleeding, i.e., mortality is influenced by many factors 
other than the bleeding itself. 


ENDOSCOPIC CONTROL TECHNIQUES 


The development of modern fiberoptic endoscopic equipment has 
spurred interest in the control of gastrointestinal bleeding by introduc- 
tion of chemical or physical agents through the endoscope to the bleed- 
ing lesion. A variety of approaches have been suggested for investiga- 
tion including the use of tissue adhesives, the application of hemoclips, 
or the direct instillation of agents such as levarterenol or sclerosing 
fluids. 

Various thermal agents (electrosurgery, laser photocoagulation, and 
cryosurgery) are being actively studied in a number of centers. The first 
two have been applied in man. Before reviewing briefly the available 
clinical experience it is necessary to emphasize the many problems 
which exist. Optimal equipment requirements have not been deter- 
mined, the manner in which such equipment should be used (such as 
power settings, distance from the lesion, and kinds of laser) is far from 
clear, and, perhaps more importantly, whether tissue damage may limit 
the usefulness of these approaches is an unsettled issue. Hazards to the 
operator, especially with laser techniques, also present real problems. 
Endoscopic thermal therapy for bleeding should not be used by the ordi- 
nary, even if skilled, endoscopist, but should be reserved for trial in 
selected research centers where the effectiveness and problems of these 
modalities can be properly evaluated. 

Reported clinical applications are relatively few. Papp*! briefly re- 
ported the results of electrocoagulation in 25 patients. There was initial 
control in 21 patients, four of whom subsequently rebled. In the nine 
duodenal ulcer patients one bleeding vessel was missed and two others 
rebled. Gaisford™ utilized electrofulguration in 20 patients in whom 
the exact site of disease was localized. Permanent hemostasis was 
achieved in 18 patients, two with bleeding from duodenal ulcers. Even 
in the two patients (both with gastric ulcer) in whom permanent hemos- 
tasis was not achieved, there was sufficient temporary control so that 
both were operated on under normovolemic conditions. Isolated experi- 
ences in three patients had previously been reported.**2 None had 
duodenal ulcer, but in all the method was, at least temporarily, success- 
ful. 

The use of endoscopic laser to control gastrointestinal bleeding in 
humans has also been reported.'’' Successful results were briefly 
reported in 13 patients with a variety of upper and lower gastrointestinal 
lesions. Most had a bleeding duodenal ulcer. 

The subject of endoscopic control of gastrointestinal bleeding was 
recently reviewed.'* The potential impact of these methods of control is 
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exciting but many technical matters are not yet resolved; the proce- 
dures are complex and there are many unanswered problems concern- 
ing hazards and indications for use. 


MISCELLANEOUS 


Bentonite is a clay earth mineral effective in preventing the activity 
of gastric and duodenal proteolytic enzymes.*® A purified preparation 
was utilized in the treatment of bleeding from peptic ulcer.! Treatment 
consisted of emptying the stomach by aspiration and then instilling 30 
to 40 ml bentonite suspension every 1/2 hour for 2 to 7 days. Therapy was 
discontinued, unless obviously successful, once aspirates were clear and 
hemoglobin was stable without further transfusions. No food, milk, or 
antacids were used during bentonite therapy since they interfered with 
the proteolytic-inhibiting properties. In an initial trial in 24 patients 
selected because acute operation was contraindicated, hemostasis was 
achieved at least temporarily in 19. A second group of 93 patients, 
comprising a consecutive series with hematemesis and melena, were 
also treated. It was the author’s judgment that 74 of these would 
previously have come to emergency operation. Of the 93 patients, bleed- 
ing was controlled in 79. Thirty-four of these subsequently were 
operated electively, well controlled and prepared. All patients had gas- 
tric or duodenal ulcer bleeding. The analysis of cases in this report is 
confusing and it is difficult to state the overall mortality. Further studies 
on this agent have apparently not been reported. 

Carbazochrome salicylate (Adrenosem), a drug which is said to act 
by influencing capillary permeability without affecting heart rate or out- 
put, blood pressure or clotting, was used in the treatment of 17 personal 
consecutive cases of massive gastrointestinal bleeding.? The drug was 
given intramuscularly, 10 mg every 2 hours. In all cases bleeding was 
successfully controlled; immediately in 88 per cent and within 24 hours 
in 12 per cent. There were no failures. Nine patients had duodenal 
ulcer. No rebleeding or complications of therapy occurred. Details of 
other therapy, except that cooling was not used, were not given. Some 
were later operated, but no complete breakdown was given. This is a 
truly remarkable report. One wonders what has developed in the last 6 
years since no further reports seem to have appeared and the current 
Physicians’ Desk Reference (1975) does not contain any listing for car- 
bazochrome. A later trial of the drug in aspirin-induced gastric mucosa 
injury in rats failed to demonstrate any beneficial action but instead 
demonstrated that carbazochrome salicylate enhanced the injury.” 

The application of circumferential pneumatic compression using a 
“G” suit has been advocated as an aid in the control of upper gastroin- 
testinal bleeding, as well as in intra-abdominal bleeding in general. Only 
isolated instances of its use have been reported and it is not clear 
whether the mechanism of reported success involves mainly shifts of 
blood from infradiaphragmatic structures toward the heart, thus tend- 
ing to correct hypovolemic hypotension, or whether direct tamponade of 
the bleeding site also occurs.'* *® 
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Based on observations’ that plasminogen activator and free plasmin 
were present in gastric venous blood in a greater proportion of patients 
with peptic ulcer disease than in a control group, thus implicating a pos- 
sible fibrinolytic factor in upper gastrointestinal hemorrhage, a trial of 
an antifibrinolytic agent, tranexamic acid, was undertaken.’ In the 
group in whom subsequent roentgenograms indicated the presence of 
peptic ulceration there was no difference in failure rate between the 
treated patients and those receiving placebo. A statistically significant 
benefit was, however, found in those with negative roentgenographic 
findings— presumably patients bleeding from gastric erosions. 

A most exciting new approach to the treatment of upper gastrointes- 
tinal bleeding involves the use of specific H,-antagonist drugs. These 
agents act to increase gastric pH by antagonizing the action of many 
stimuli to acid production. The site of action is presumed to be at a final 
step involving histamine. Metiamide (a drug which has now been 
withdrawn from trial because of bone marrow toxicity and is being 
replaced by cimetidine) was used successfully to treat 14 bleeding epi- 
sodes in 11 patients.2! The bleeding was either due to errosive gastritis 
or to duodenitis in nine patients and to bleeding from duodenal ulcer in 
two. In two other patients with ulcer bleeding, both with ulceration into 
major vessels, control was not achieved. This is obviously a preliminary 
report but clinical trials in progress on the use of cimetidine in the treat- 
ment of many aspects of ulcer disease, and its use in upper gastrointes- 
tinal hemorrhage should clarify the role of this-new class of drugs. 


A PERSONAL PERSPECTIVE 


On the basis of published reports as well as personal clinical experi- 
ence it seems worthwhile to offer some recommendations. These are 
neither infallible nor even necessarily correct. For the reasons enu- 
merated at the beginning of this review, any set of recommendations is 
necessarily highly subjective. 

The initial approach to nonsurgical management first requires iden- 
tification of the severity of bleeding. Whether exact identification of the 
bleeding site by early endoscopy aids in therapy remains an unsettled 
issue and the decision as when to use this technique is a matter for indi- 
vidual judgment. For most patients without hematemesis and who are 
hemodynamically stable, early feeding is indicated, usually well- 
tolerated, and associated with clinical improvement. It seems reason- 
able (although certainly not essential) that the feeding be relatively 
bland. Frequency of feeding (whether food or antacid) to help control 
pH and relatively small quantities of food at any one time (to decrease 
acid stimulation and to decrease the likelihood of vomiting) also seem 
desirable. I use this form of therapy throughout the entire 24-hour 
period. Whether frequent awakening is less disturbing than the place- 
ment of an intragastric tube to permit continuous drip is an individual 
decision reached by physician and patient. I try to keep the patient rela- 
tively quiet and free from additional stress—conditions difficult to 
achieve in the modern hospital and virtually impossible to achieve in 
most intensive care units. Mild sedation may be helpful. 
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In the more seriously bleeding patient no medical or surgical ther- 
apy yet described is uniformly beneficial or universally accepted. These 
patients should have an intragastric tube in place both to permit moni- 
toring and to allow delivery of therapeutic agents. Vigorous ice-water 
lavage carried out through a large-bore, double lumen tube should be 
used. It is essential that the water be as cold as possible and continu- 
ously emptied from the stomach. If bleeding does not lessen after an ini- 
tial period of lavage (difficult to define, but perhaps 30 to 60 minutes), 
then a trial of 1 to 3 instillations of levarterenol can be undertaken. If 
bleeding does stop, then intragastric drip, attempting to control pH, in- 
terspersed with periods of suction and lavage, can be started. The fail- 
ure to stop bleeding with these methods should be a signal that medical 
management has failed and that angiographic or surgical methods 
should be tried. None of the other medical therapies presently available 
offer a clear advantage over this program, although occasionally (as 
noted in the review) each of these methods will work when this pro- 
gram has apparently failed. The advantage of this program is that it is 
easy to apply, requires no special equipment, or expertise, and, most im- 
portantly, seems just as likely to be successful as any other program. Ex- 
actly how and when to decide that medical therapy has failed is a dif- 
ficult and individual decision. Undue persistence with any method may 
create additional hazards. 

The role of direct endoscopic attack on the bleeding lesion and the 
possible place of newer, specific drugs like the H, antagonists remain to 
be defined. They offer hope that future therapy in severe bleeding ulcer 
problems may be more successful than that presently available. 
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Symposium on Peptic Ulcer Disease 


Surgical Management of Actively 
Bleeding Duodenal Ulcer 


Caldwell B. Esselstyn, Jr., M.D.* 


The objectives of an operation for bleeding duodenal ulcer are to 
control hemorrhage and eliminate the ulcerogenic mechanism with 
minimal morbidity and mortality. To achieve this goal some surgeons 
have favored gastric resection with or without vagotomy; others have 
preferred the more conservative approach of a vagotomy, oversewing of 
the bleeding site, and pyloroplasty. The purpose of this discussion is to 
examine the advantages, disadvantages, and results of each approach. 

Some institutions serve large veterans’ groups, others an indigent 
population, and still others a private referral practice, all factors which 
may influence the selection and results of an operative procedure. The 
results of any series should be evaluated keeping in mind the population 
treated. 


Active Bleeding. 


Patients who are actively bleeding and considered as candidates for 
surgical correction are usually divided into two groups: massive and 
continuing bleeding. 

Authors will differ on the precise definition of massive bleeding, but 
most would agree with the criteria of Cammock et al.? which require 
the presence of one of the following conditions: (1) blood loss estimated 
at more than 1000 cc per 24 hours or greater than 30 per cent of es- 
timated blood volume; (2) admission hematocrit of less than 28 per 
cent; (8) transfusion of more than 1500 cc of whole blood per 24 hours 
required to maintain homeostasis; and (4) hypotension or clinical shock 
secondary to blood loss. 

Even the above are but general guidelines, and most would argue 
today toward earlier operation, especially for: (1) patients who have bled 
previously and require hospitalization and transfusion; (2) patients with 
a known rare blood type; (3) elderly patients or those with concurrent ill- 
nesses which significantly increase surgical risk; and (4) recurrent in 
hospital bleeding after cessation of medical management. 
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Conversely, some patients with massively bleeding duodenal ulcers 
have systemic illnesses in which surgery would be contraindicated; ex- 
amples being intractable heart failure, end stage cirrhosis, terminal 
neoplastic disease, and severe pulmonary insufficiency. Some of these 
patients may be candidates for the newer methods of nonoperative man- 
agement of controlling bleeding duodenal ulcer. 

Operation is considered to be urgent when performed on the ac- 
tively bleeding patient whose condition has become stabilized by whole 
blood and body fluid volume replacement. Operation is considered to be 
an emergency when the patient has been in shock and continues to 
bleed. 


Diagnosis 

Diagnosis is reviewed in another section of this volume, and I agree 
with those who do not favor emergency roentgenographic upper gas- 
trointestinal studies. Snyder and Stellar?® did not find such studies an 
aid in treatment of 77 patients with bleeding duodenal ulcer, and Vogel’® 
found them to be only partially successful. 

Fiberoptic endoscopy following gastric lavage and removal of clots 
by a skilled endoscopist is diagnostically accurate and, when coupled 
with skilled selective angiography in difficult cases, can result in a high 
degree of accurate identification of the bleeding site. 

The more accurate the diagnosis preoperatively, the shorter, less 
traumatic, and safer will be the surgery. 


Operation 


The choice of an operation for upper gastrointestinal bleeding from 
duodenal ulcer continues to be debated between those who favor gastric 
resection with or without vagotomy and those who prefer vagotomy, 
oversewing of the bleeding point, and pyloroplasty or drainage proce- 
dure. The factors to be evaluated include: 

Mortauity. In evaluating selective vagotomy and oversewing of 
the ulcer and pyloroplasty, Jensen and Guldberg"’ experienced an 8 per 
cent operative mortality. Farris and Smith" recorded a 6 per cent mortali- 
ty in patients undergoing truncal vagotomy, oversewing, and pyloroplasty. 
Evaluating the same procedure, Klingensmith and Oles"* and Vogel’ found 
mortality rates of 2.4 per cent and 6.7 per cent respectively. Foster, 
Hickok, and Dunphy," while setting out to disprove the value of the 
procedure of vagotomy, oversewing, and drainage, were able to show a 
decrease from 30 per cent mortality when gastrectomy was employed to 
8.7 per cent for the more conservative procedure. Buckingham and 
ReMine? and Brooks et al.’ reported a mortality of 11 per cent in their pa- 
tients. Snyder and Stellar,”® operating only on patients who at some time 
preoperatively were in shock or had lost 50 per cent of their estimated 
blood volume, had a 17 per cent operative mortality employing vago- 
tomy, oversewing, and pyloroplasty. 

The higher mortality rates for gastric resection with or without 
vagotomy are a reflection of more extensive surgery in high risk pa- 
tients. Thorne and Nyhus?’ reported a mortality of 23 per cent in their 
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patients undergoing vagotomy with resection. Foster, Hickok, and 
Dunphy" reported a 32 per cent mortality rate in patients treated by gas- 
trectomy; Darin, Polacek, and Ellison® reported 25 per cent mortality in 
their patients. Palumbo and Sharpe,” utilizing vagotomy and antrec- 
tomy, experienced a 4.5 per cent mortality, a rate much lower than in 
other reported series. 

Recently, Hines'* has summarized the comparative mortality of the 
two procedures as reviewed by Crook et al.,’ finding an average mortal- 
ity of 20 per cent with vagotomy, oversewing, and gastric resection; for 
vagotomy, oversewing, and pyloroplasty the figure is 10 per cent (Table 
19, 

REBLEEDING. With all operations rebleeding may develop at vary- 
ing times postoperatively. Jensen and Guldberg”’ found a 16 per cent in- 
cidence of rebleeding following selective vagotomy, oversewing, and 
pyloroplasty. Farris and Smith’ noted an 8 per cent incidence of re- 
bleeding following vagotomy and pyloroplasty as compared to a 9 to 20 
per cent incidence of rebleeding following gastrectomy. Snyder and 
Stellar,?® performing vagotomy, oversewing, and pyloroplasty on a group 
of patients with massive bleeding, observed rebleeeding in 10 per cent 
of patients; Vogel?® reported 4.4 per cent with rebleeding following the 
same procedure. Brooks, Kia, and Membreno! had a 7.5 per cent in- 
cidence of rebleeding for a similar procedure. 

Following vagotomy and antrectomy, Palumbo and Sharpe”? found a 
3.7 per cent incidence of early rebleeding and 0.6 per cent of late 
rebleeding. Farris and Smith,'* in reviewing the frequency of rebleeding 
following subtotal gastrectomy in nine different series reported in the 
literature, found a range of 5.9 to 30 per cent. Leap and Welch’® ob- 
served a 14 per cent incidence of rebleeding following gastrectomy. 

Hines, in a review of the problem of rebleeding, observed a range 
of 8 to 33 per cent in patients undergoing gastrectomy; the range was 5 
to 26 per cent with an average of 15 per cent for patients undergoing 
vagotomy and pyloroplasty (Table 2). 


Table 1. Operative Mortality 


GASTRIC RESECTION PER CENT VAGOTOMY AND PYLOROPLASTY PER CENT 
Thorne and Nyhus?’ 23.0 Jensen and Guldberg"’ 8.0 
Foster, Hickok, and Dunphy" 32.0 (selective vagotomy) 
Darin, Polacek, and Ellison® 25.0 Farris and Smith'” 6.0 
Palumbo and Sharpe”? 4.5 Klingensmith and Oles'® 2.4 
(vagotomy and antrectomy) Vogel?® 6.7 
Hines and Wilkolm’® 20.0 Foster, Hickok, and Dunphy 8.7 
(Review average) Buckingham and ReMine? 11.0 
Brooks, Kia, and Membreno! 11.0 
Snyder and Stellar”® 1720) 
Hines and Wilkolm" 10.0 


(Review average) 
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Table 2. Rebleeding 


GASTRIC RESECTION PER CENT VAGOTOMY AND PYLOROPLASTY PER CENT 

Palumbo and Sharpe”? 4.3 Jensen and Guldberg"’ 16.0 
(vagotomy and antrectomy) (selective vagotomy) 

Farris and Smith’ (Review range) 9 to 20 Farris and Smith™ 8.0 

Leap and Welch’ 14 Snyder and Stellar”® 10.0 

Hines and Wilkolm’® 8 to 33 Vogel’® 7.5 
(Review range) Hines and Wilkolm’® 5 to 26 


(Review range) 


RECURRENT ULCERATION. There is general agreement that vago- 
tomy and hemigastrectomy has the lowest rate of recurrent ulceration 
varying from 0 to 2 per cent. 

Recurrence after vagotomy, oversewing and drainage procedures 
will vary from 5 to 10 per cent or more, depending on the length of 
follow-up. 

OTHER SIDE EFFECTS AND METABOLIC SEQUELAE. Other complica- 
tions accompanying these operative procedures may not appear for sev- 
eral months and even years after surgery. It is important that these be 
mentioned, since they are often overlooked and should be included as 
factors that govern decision. 

The reported incidence of severe dumping in postgastrectomy pa- 
tients is of the order of 10 per cent, and while it is also present in vago- 
tomy and pyloroplasty, it is less frequent and more easily controlled by 
dietary measures. Diarrhea may occur after either procedure, but is not 
disabling in more than 1 or 2 per cent of patients. 

Although the true incidence of bile vomiting is unknown, it is more 
frequently observed after a Billroth II procedure. For patients who are 
accurately diagnosed and have severe symptoms, a simple Roux-en-Y 
diversion of bile and pancreatic content of the afferent limb end-to-side 
into the efferent limb 30 cm below the gastrojejunostomy is usually cu- 
rative.!° 

The weight loss following hemigastrectomy occurs more frequently 
and is more severe” than that after vagotomy and pyloroplasty.”4 

While iron deficiency anemia is more common after gastrectomy, it 
is also found after vagotomy and pyloroplasty if the patients are followed 
long enough.* 

Osteomalacia is detectable in 20 to 30 per cent of postgastrectomy 
patients,'’ but has not been reported as a complication of vagotomy and 
drainage procedure. 


Technical Considerations 


Vagotomy, gastrectomy, and pyloroplasty each involve technical 
problems such as incomplete vagal sectioning, gastric retention, or 
stump blowout. 
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Satisfactory control of the ulcerogenic mechanism can be accom- 
plished only with a complete vagotomy. Surgeons may become compla- 
cent about truncal vagotomy and leave fibers at the cardioesophageal 
junction intact. Crile® ® illustrated and described the technique of strip- 
ping the fibers with a special wire loop. Hallenbeck et al.!* recently reem- 
phasized the importance of clearing all the “criminal” nerves at the 
cardioesophageal junction with striking reduction in the incidence of 
recurrent ulceration in a group of patients who had proximal gastric 
vagotomy. This procedure is not difficult technically but requires identi- 
fying and clearing the anterior and posterior vagal trunks completely 
from the cardioesophageal junction and up onto the esophagus an addi- 
tional 5 to 7 cm. 

In ligation or oversewing of a bleeding ulcer, the surgeon may be 
greatly relieved when his initial sutures control the hemorrhage; however, 
the area of bleeding should then be scraped with a sponge to make cer- 
tain hemostasis is secure. To lessen the concern of incorporating any por- 
tion of the common bile duct in the ligation, I prefer to place the ligation 
in backhanded fashion, running the needle point in a medial and upward 
direction rather than lateral and downward as would be usual for a right- 
handed surgeon. 

In gastrectomy, most of the serious problems involve the duodenal 
stump. A secure stump closure is facilitated by proper mobilization anda 
multilayered closure of viable bowel wall layers. The newer automatic 
stapling devices accomplish this readily and may be reinforced by a final 
layer of interrupted nonabsorbable suture. If any doubts remain about 
the stump, a T-tube catheter placed laterally in the second portion of the 
duodenum will vent any build-up of pressures in the afferent limb. 

Although a proximal gastric vagotomy of the treatment of duodenal 
ulcer is presently undergoing widespread investigation in the United 
Kingdom and in this country, there is insufficient information on this pro- 
cedure in the treatment of active bleeding at this time. 


Comments 


A surgeon’s training, experience, and flexibility in approach to the 
individual patient will determine which operation he will choose for 
bleeding duodenal ulcer. The advantages and disadvantages of each 
procedure have been reviewed. 

All would agree that patients who are operated on early do better 
than those who have had significant blood volume replacement. This 
should be especially true of the elderly; patients over 60 do have a 
poorer response to massive hemorrhage because associated disease 
decreases their capacity for withstanding stress. 

Although no operation is ideal, there may be renewed interest in the 
nonoperative management of bleeding and nonbleeding duodenal ulcer. 
MacDonald and co-authors”! have reported striking success in the man- 
agement of stress bleeding using the hydrogen ion antagonist metia- 
mide. Similarly, Longstreth and associates.” using cimetidine, an H, 
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receptor antagonist, were equally enthusiastic about eliminating noctur- 
nal pain, hypersecretion, and establishing nocturnal anacidity in a group 
of ulcer patients. Eisenberg and Speer!! employed an intraarterial 
method of embolizing autologous clot to control pyloroduodenal hemor- 
rhage in a group of patients with severe associated disease and consid- 
ered too ill for surgery. % 
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Symposium on Peptic Ulcer Disease 


Considerations in the Management of 
Perforated Peptic Ulcers 


Ezra Steiger, M.D.,* and Avram M. Cooperman, M.D.* 


Acute perforation of a peptic ulcer may be a life-threatening ab- 
dominal catastrophe that in usual circumstances can be easily diag- 
nosed and treated. The etiology of perforated duodenal ulcers is un- 
known, but stress, alcohol, and salicylates have been implicated. Thirty 
to 50 per cent of patients with perforated duodenal ulcers have no his- 
tory of duodenal ulcer disease or ingestion of alcohol or salicylates. Most 
perforations occur a few hours after meals, and whether gastric hyper- 
secretion is important is unknown. Treatment can be medical or surgi- 
cal depending on the patient’s age, duration of perforation, previous 
ulcer symptoms, and general medical condition. 

As in other types of surgery, the best approach is individualized, so 
that treatment effectively alleviates the problem and yields the best 
long-term results with minimal morbidity and mortality. 

We review the clinical presentation, diagnosis, and treatment of per- 
forated peptic ulcer. Criteria that determine which operation should be 
done for a perforated peptic ulcer are presented. 


CLINICAL FEATURES 


The typical feature of a perforated ulcer is the abrupt onset of 
severe epigastric pain that causes the patient to seek prompt attention. 
Often the exact time of perforation can be recalled by the patient. Most 
perforations occur in men; the male-to-female ratio ranges from 2.5 to 
114 to 10 to 1.19 The mean age at the time of perforation in adults has 
ranged from 43° to 56 years,'* being somewhat higher in females. Perfo- 
rations in neonates are uncommon. 

Perforations occur most frequently in the late afternoon; a delayed 
diagnosis and higher mortality occur at night.2 Throughout the world, 
perforations occur most commonly on Friday and least commonly on 
Sunday, except in Israel where the incidence is lowest on Saturday.” 
This shows that this acute surgical condition applies to whatever day 
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the “day of rest” is observed. Atypical presentations do occur. In elderly 
patients, those who are seriously ill with other diseases, or patients with 
spinal cord injuries, pain may not be a major feature. Because of this, 
the diagnosis may be delayed in these patients and the mortality rate is 
higher. In other patients, pain may be localized to one area of the ab- 
domen and an incorrect diagnosis of cholecystitis, appendicitis, per- 
forated colonic diverticula,'® or pancreatitis may be made, again delay- 
ing the diagnosis and increasing morbidity and mortality. 


DIAGNOSIS 


Physical findings depend on the time of presentation after perfora- 
tion. Usually the abdomen is rigid with direct and rebound tenderness, 
and loss of hepatic dullness can be elicited. A history of abrupt onset of 
epigastric pain with a board-like abdomen and loss of hepatic dullness 
should make one suspect a perforated ulcer. The definitive diagnosis is 
made by the presence of pneumoperitoneum. Three roentgenograms 
may be helpful. These are (1) a left lateral decubitus film, (2) an erect 
chest film, and (3) a supine view of the abdomen. Using these views 
pneumoperitoneum will be detected in 60 to 82 per cent*1!1° of pa- 
tients. The left lateral decubitis view (left side down on the table) may 
demonstrate as little as 1 cc of free air. The ‘erect chest film must be 
taken after the patient has been in an upright position for 10 to 20 
minutes to allow the intraperitoneal air to be detected under the dia- 
phragm. The plain abdominal film may show air outlining the bowel 
wall.'® If roentgenographic diagnosis is uncertain, air or gastrografin can 
be injected into a nasogastric tube to increase the amount of intraperi- 
toneal air or identify the site of perforation. Gallstones seen on the ab- 
dominal flat plate may confuse the correct diagnosis and this has led to 
an increased mortality in one series.'* Laboratory tests do not help con- 
firm the diagnosis, and sometimes treatment is delayed because labora- 
tory findings suggest other diagnostic possibilities. For example, an 
elevated serum amylase may lead one to suspect acute pancreatitis. The 
leukocyte count is of little help, and in one series'® it was normal in 80 
per cent of patients. When the diagnosis is uncertain, the patient is ob- 
served for up to 6 hours during which time fluid, electrolyte, and colloid 
replacement therapy is accomplished. Since a delayed or missed diag- 
nosis has a higher mortality, vigorous and accurate evaluation is manda- 
tory to minimize morbidity and mortality. 


TREATMENT 


In all patients initial treatment consists of intravenous fluids, na- 
sogastric decompression, and correction of fluid and electrolyte abnor- 
malities. Third space fluid sequestration can be considerable and this 
should be corrected prior to surgery. 
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Antibiotics 


The incidence of positive peritoneal cultures increases as the time 
from perforation is prolonged. In one series there were 21 per cent posi- 
tive cultures at 6 hours, 30 per cent positive at 12 hours, and 63 per cent 
positive at 24 hours.* Streptococci and E. coli were the most common or- 
ganisms cultured.*!® Since intraperitoneal and wound infections ac- 
count for a large percentage of postoperative morbidity, the use of anti- 
biotics appropriate for streptococci and E. coli preoperatively might be 
of value. These antibiotics are continued for at least the first 2 or 3 
days postoperatively and then discontinued if cultures are reported neg- 
ative. Appropriate changes in antibiotics are made on the basis of the 
culture and sensitivity reports if the patient remains septic or the degree 
of peritoneal soilage was significant. 

Specific treatment of the perforation then consists of other non- 
operative or operative methods. 


Nonoperative Treatment 


Nonoperative treatment of perforated ulcers consists of nasogastric 
intubation, intravenous fluids, antibiotics, and close observation: Al- 
though formerly a popular method, not more than 10 per cent of perfora- 
tions are treated this way today. This treatment is presently used in two 
situations: (1) A forme-fruste ulcer; a perforated ulcer that leaked into 
the peritoneal cavity but was sealed by omentum or surrounding tissues, 
and (2) in patients with other serious illnesses where the risk of surgery 
is prohibitive. In patients with acute medical illnesses where the opera- 
tive risk is great, as in acute myocardial infarction, continued close 
monitoring of patients must be done and if peritoneal signs progress, 
laparotomy must be undertaken despite the high risk. Although satisfac- 
tory results have been reported using this treatment today, most 
surgeons have reserved it for the high risk moribund patients, for perfo- 
rations discovered late, or for sealed perforations. The mortality rate for 
this treatment ranges from 50 to 100 per cent.” !® These figures reflect 
patient selection rather than treatment methods as higher risk candi- 
dates are observed and a more favorable group undergo surgery. 


Operative Treatment 


Operative treatment is generally regarded as the best treatment for 
most patients with a perforated peptic ulcer. The therapeutic dilemma 
exists when deciding which operation should be done, i.e., simple suture 
plication or a definitive ulcer operation. If the latter option is chosen, 
one must then decide which operation should be selected. These alter- 
natives are many and include vagotomy (truncal or selective) with 
drainage, vagotomy (truncal or selective) with resection, or as more 
recently suggested, proximal gastric vagotomy, or even subtotal gastric 
resection. To understand why definitive ulcer surgery might be needed 
in some patients and to try to identify the patient in need of this surgery, 
it is helpful to review the results of simple plication of duodenal perfora- 
tions. 
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PLICATION OF PERFORATED ULCERS. In many reports plication has 
been the procedure of choice. It can be accomplished quickly and ac- 
curately and with minimal operating time. The perforation may be su- 
tured directly, sealed with omentum, or both. Mortality rates following 
this treatment have ranged from 2.9 to 10 per cent.’ * When plication is 
used as primary treatment, the mortality rate in most series is less than 
10 per cent. High mortality rates usually reflect delayed diagnosis, co-ex- 
isting medical diseases, or both. The higher mortality rates are usually 
reported in series where good risk patients are assigned definitive opera- 
tions leaving the high-risk, sicker patient for plication. This no doubt 
explains the 21 per cent mortality rate in Jordan’s series? where most 
perforated ulcers were treated by definitive ulcer surgery. Most deaths 
occur in patients with multisystem disease and in elderly patients. Jor- 
dan et al.® noted that the mortality rate in an otherwise healthy patient, 
younger than age 50, was less than 1 per cent with all types of surgical 
therapy. McEwan and Milligan” noted that three factors increased the 
operative morbidity and mortality after plication of perforated peptic 
ulcers. These include (1) patients over 50 years of age, (2) associated 
medical disease, (3) a delay of more than 6 hours between the time of 
perforation and the time of surgery. According to other reports,” * 1” 
when surgery was delayed more than 12 hours, the mortality rates were 
significantly increased.” * 1” 

Lonc-TERM RESULTS. Critical data on the natural history of ulcer 
disease after successful treatment of perforations have been obtained 
from several reports. In general, after simple plication one third of pa- 
tients will require additional surgery, one third can be managed on med- 
ical therapy, and about one third will be asymptomatic. McDonough and 
Foster’ noted that 75 per cent of their patients needing additional 
surgery after simple closure had the operation within the first 2 years 
after perforation. In their series, 23 per cent of patients followed 1 to 11 
years after closure of the perforation required surgery to control the 
complications of peptic ulcer disease. In a collected series totalling 356 
patients followed 4 or more years after plication,* ' '° 40 per cent re- 
quired surgery, 28 per cent were asymptomatic, and 32 per cent were 
managed by medical therapy. Griffen and Organ’ recently noted that 48 
per cent of their patients followed from 2 to 27 years after plication for 
perforated ulcer either died of ulcer complications, required surgery, or 
required medical therapy for their ulcer symptoms. 

Wuo WILL NEED SuRGERY? If the 30 to 40 per cent of patients who 
will require subsequent ulcer surgery could be accurately identified at 
the time of perforation it would be advantageous to perform a curative 
operation at that time. Mason et al.'* followed perforated ulcer patients 
from 4 to 7 years. In patients with preperforative symptoms of less than 
1 month, only two of 15 required subsequent surgery; 12 of 23 patients 
with symptoms longer than 1 month required reoperation. Mean basal 
and maximal acid outputs on the 7th to 10th postoperative day after 
simple closure were similar in both groups. They advised immediate 
definitive surgery for patients with chronic ulcers. In studying the im- 
portance of a history of ulcer disease, Greco and Cahow’ noted that 45.7 
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per cent of patients with a chronic ulcer required further surgery, but 
only 15 per cent with an acute ulcer had surgery at 5 or more years of 
follow-up. In addition, 61 per cent of patients without a previous ulcer 
history remained asymptomatic compared to 32 per cent with an ulcer 
history. They noted that men, between the ages of 40 and 64 years, with 
a past history of ulcer disease (at the time of perforation) had a signifi- 
cantly higher probability of requiring subsequent surgery (65.7 per cent) 
as opposed to other patients (18.4 per cent). McDonough and Foster'® 
noted that surgery was required later if symptoms were present 3 or 
more months prior to perforation. They too believed that patients be- 
tween the ages of 50 and 70 years with previous ulcer symptoms 3 or 
more months prior to perforation were at risk. Excluding these patients 
only 25 per cent of the remaining group had further difficulties after 
plication. In contrast, Wangensteen et al.!® reported no statistical dif- 
ferences in the incidences of patients requiring subsequent surgery 
when comparing patients with symptoms of less than 3 months’ dura- 
tion with those of more than 3 months’ duration. Therefore, although it 
is difficult to predict with certainty the subgroups that will require fur- 
ther surgery, a definitive operation should be considered for middle-aged 
men with a history of ulcer symptoms who have had perforation less 
than 12 hours before operation, who have no evidence of major in- 
traperitoneal sepsis, and who can tolerate the additional operative time. 
We believe that all other patients should be treated by plication of the 
perforation. 

DEFINITIVE SURGERY FOR PERFORATED PEPTIC ULCER. Ifa curative 
ulcer operation is planned, several options are available. These include 
vagotomy and drainage, vagotomy and resection or subtotal gastrectomy 
and closure of the ulcer with proximal gastric vagotomy. The operation 
selected should be the one that has given the surgeon the best results 
with minimal morbidity and mortality. This obviously depends on the 
surgeon’s experience and preferences and the patient population he is 
dealing with. The mortality rate after pyloroplasty and vagotomy for per- 
forated peptic ulcer ranged from 1.1 to 5.5 per cent in four reports® '° ” 
totalling 783 patients. An operative mortality from O to 12.2 per cent 
was noted in three reports of 138 patients having either vagotomy and 
pyloroplasty and/or gastrectomy. In two series of patients treated by gas- 
trectomy with or without vagotomy, the mortality rates were 15 per cent 
and 2.2 per cent.® !7 The long-term satisfactory results are approximately 
the same as when these operations are done for other surgical indica- 
tions of peptic ulcer disease. However, as noted by Jordan et al., he- 
migastrectomy and vagotomy as a means of definitive therapy for per- 
forated peptic ulcers should be considered in a relatively young 
healthier group of patients with a history of peptic ulcer disease. An 
argument against definitive ulcer surgery, particularly in patients with- 
out a history of ulcer disease, has been the unpredictable sequelae that 
may follow truncal vagotomy. Parietal cell vagotomy has certain theo- 
retical advantages over truncal vagotomy and Johnston et al.* first 
reported the use of parietal cell vagotomy in five patients with per- 
forated peptic ulcer in 1973. We have no experience with this operation 
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in acute perforation. We believe that if a definitive operation is done, the 
surgeon should employ the one with which he is most familiar and 
proficient. As yet there is no perfect elective operation for peptic ulcer 
disease; the same certainly applies for definitive surgery done for an 
acute perforated peptic ulcer. 
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Symposium on Peptic Ulcer Disease 


Obstructing Duodenal Ulcer 


Robert E. Hermann, M.D.* 


Gastric outlet obstruction, secondary to pyloric stenosis, in my expe- 
rience, is the second most common indication for surgery in duodenal 
ulcer disease. According to several reports, the incidence of obstruction 
as an indication for surgery ranges from 11 to 30 per cent, depending on 
the patient population and on the incidence of elective versus 
emergency operations.’ ® 1° In almost all series of cases, intractability 
of the disease to medical management is the most frequent indication 
for surgery in from 45 to 60 per cent of patients. Hemorrhage, the other 
frequent reason for surgery, is the principal indication in from 20 to 30 
per cent of patients. In many patients a combination of indications may 
exist: a long history of episodic or recurrent ulcer pain, one or two epi- 
sodes of melena, and the development of incomplete gastric emptying 
and nausea with occasional vomiting, making the indentification of any 
single indication for surgery difficult or inexact. 


PATHOGENESIS 


Gastric outlet obstruction occurs during the course of duodenal 
ulcer disease because of recurrent episodes of ulceration and inflamma- 
tion in the pyloric channel or duodenal bulb, followed by healing of the 
ulcer and the deposition of scar tissue. Over a period of 10 or 15 years, 
with repeated episodes of duodenal ulceration, healing, and fibrosis, the 
pyloric channel or duodenal bulb becomes relatively scarred and steno- 
tic with increasing gastric outlet obstruction. An active ulcer crater is 
frequently, but not always, present. In most patients, the gastric outlet 
obstruction is incomplete and some food, gastric juice, or ingested 
barium by roentgenography can be demonstrated to leave the stomach 
slowly. In a few patients, however, the gastric outlet obstruction may 
become complete. In some patients, because of persistent or chronic 
gastric stasis, gastric ulceration may develop secondary to the duodenal 
ulcer and may be the indication for operation. 
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SYMPTOMS 


Obstructing duodenal ulcers do not always give the classic symp- 
toms of obstruction with nausea and vomiting, upper abdominal disten- 
tion, and absence of the passage of gas or stool or rectum. In my experi- 
ence, the most frequent single symptom has been increased ulcer pain 
with poor response to medical control due to incomplete gastric empty- 
ing. Nausea, distention, and a feeling of constant fullness or bloating 
are almost always a part of the symptom complex, but the ulcer pain 
may well overshadow these symptoms. Patients whose ulcers, in the 
past, have always been amenable to medical control with the use of 
bland foods or antacids now find that these foods or antacids no longer 
bring relief. With increasing pyloric stenosis, a pool of gastric juice and 
food remains in the antrum with continuing antral stimulation, antral 
distention, and stimulation to the secretion of more acid. 

With persistent gastric stasis and antral stimulation, the increased 
amounts of acid secreted frequently cause further irritation of the 
duodenum with active ulceration and edema on top of the previous 
pyloric scarring, further increasing the obstruction. In some patients, a 
new gastric ulcer may occur. The patient frequently induces vomiting to 
gain relief from the feeling of fullness and pain. On admission to the 
hospital, after passage of a nasogastric tube and decompression of the 
stomach, striking relief of the pain may be achieved. Within 1 or 2 days 
of decompression of the stomach, gastric distention is usually relieved 
and gastric tone returns. 


FE 


{ 


Figures 1 through 5 represent upper gastrointestinal roentgenographic series. Figure 1. 
Oblique view above shows pyloric stenosis and no visualization of descending duodenum. 
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DIAGNOSTIC STUDIES 


Roentgenographic studies are extremely helpful in identifying the 
presence and site of gastric outlet obstruction or the incomplete gastric 
emptying. Lateral or oblique views of the pyloric channel and duo- 
denum are essential to visualize this area and to determine the degree of 
pyloric stenosis (Figs. 1 and 2). In the absence of lateral or oblique 
views, on the standard anterior-posterior views the distended antrum 
often hides the pyloric region and duodenal bulb (Fig. 3). The stomach is 
dilated, frequently twice its normal size, gastric rugal folds are hyper- 
trophied and thickened, and delayed gastric emptying is noted for a peri- 
od of 6 or 8 hours following ingestion of a barium meal (Fig. 4). In some 
patients, as noted above, a gastric ulcer may be seen (Fig. 5). Gastroscopic 
examination will confirm the marked scanning of the pyloric channel. 
Usually the gastroscope cannot be passed out of the stomach into the duo- 
denum. Retained food or secretions may be seen in the stomach, and the 
gastric mucosa is frequently hypertrophied and edematous. 


Figure 2. Oblique view shows postbulbar narrowing and stenosis with an active post- 
bulbar ulcer crater. 
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Figure 3. Anteroposterior view 
shows a dilated stomach with thick- 
ened gastric folds. The dilated 
antrum hides the area of stenosis. 


ie 


Figure 4. This view shows a dilated stomach with thickened gastric rugal folds, and 


delayed gastric emptying. 
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Figure 5. View of a lesser curvature gastric ulcer in a patient with duodenal deformity 
and persistent gastric stasis. 


CLINICAL MATERIAL 


In a personal series of 309 patients operated upon for duodenal ulcer 
disease between 1962 and 1975, approximately 83 patients (27 per cent) 
had evidence of an obstructing duodenal ulcer as the principal indica- 
tion for surgery (Table 1). In this group of patients, duodenal ulcer 
disease was present symptomatically from 48 months to 45 years, with a 
mean duration of symptoms of approximately 11 years. All patients had 
medical treatment intermittently or sporadically for the relief of symp- 
toms through the years. The symptoms of pyloric channel or gastric 
outlet obstruction had been present from 1 to 6 months prior to opera- 
tion. Six patients had a previous episode of gastric obstruction, relieved 
by nasogastric suction and intensive medical therapy. Twenty-two pa- 
tients had a history of bleeding, although none of the patients had had a 
serious or massive hemorrhage. Two patients had a previously per- 
forated duodenal ulcer; both had had a plication procedure. 

The operations performed in this group of patients are listed in 
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Table 1. Indications for Surgery in Patients with 
Duodenal Ulcer, 1962-1975 


NO. OF PATIENTS PER CENT 
Intractability 158 51 
Obstruction 83 ‘ OUT 
Bleeding 49 16 
Perforation 19 6 

TOTAL 309 100 


Table 2; they include vagotomy and pyloroplastomy, vagotomy and gas- 
trojejunostomy, vagotomy and gastroduodenostomy, vagotomy and an- 
trectomy, and subtotal gastrectomy. The operations were elective in all 
patients; no operative mortality was recorded. 


RESULTS 


The results of operation were graded during follow-up evaluation by 
mailed questionnaires and by personal interviews from A through D, 
using the classification designed by Hoerr.’ Patients graded A or B are 
considered excellent or good results; patients.graded C are poor results, 
and patients graded D have symptoms of recurrent ulcer. The criteria 
for grading are: 


A. No gastrointestinal symptoms. 

B. Minor gastrointestinal symptoms; no evidence of a recurrent ulcer. The pa- 
tient is satisfied with the results and is pursuing his usual occupation. 

C. The patient is dissatisfied with the function of his gastrointestinal tract, 
but there is no evidence of a recurrent ulcer. 

D. A proved or probable ulcer has recurred, or the patient is disabled from other 
gastrointestinal symptoms. 


Of the 83 patients with obstructing duodenal ulcers, a group of 57 
patients has now been followed from 2 to 13 years with a mean duration 
of follow-up 7 years; 53 per cent are considered an A result, 42 per cent 
are considered a B result, none are considered a C result, and 5 per cent 
(3 patients) are considered a D result, all because of recurrent ulcer 


Table 2. Operations for Obstructing Duodenal Ulcer, 1962-1975 


OPERATION NO, OF PATIENTS PER CENT 
Vagotomy and pyloroplasty 62 15 
Vagotomy and gastrojejunostomy 12 14.5 
Vagotomy and gastroduodenostomy 5 6 
Vagotomy and antral resection 3 3.5 
Subtotal gastrectomy (without vagotomy) 1 1 


TOTAL 83 100 
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symptoms. In two of the three patients, medical treatment alleviated all 
symptoms. Only one patient (2 per cent) required another operation, a 
subtotal gastric resection. None of the patients has had disabling gas- 
trointestinal symptoms such as severe diarrhea, dumping, or postpran- 
dial distress. 


DISCUSSION 


Patients with obstructing duodenal ulcers usually have a long his- 
tory of ulcer disease, an average of 11 years in our experience. During 
these years of the disease, medical control of ulcer symptoms has gener- 
ally been effective, at least effective enough that surgery has never been 
advised or, if advised, the patient has decided not to have an operation. 
Thus, medical symptoms have not been incapacitating, and most pa- 
tients have lived quite well with their symptoms until the complication 
of pyloric stenosis or gastric outlet obstruction developed. 

It would appear, with mild pain or other symptoms of duodenal 
ulcer disease, that when surgical intervention becomes necessary be- 
cause of the development of obstructive symptoms, the surgical proce- 
dure might be a conservative one, one that would relieve the obstruction 
as well as decrease gastric acidity. In addition the operation should be 
safe, since in almost all patients with obstructing duodenal ulcer the 
operation can be elective. I favor vagotomy and a drainage procedure for 
most patients with obstructing duodenal ulcer because it is the safest 
effective ulcer operation. Vagotomy and antrectomy is selected for 
young patients with severe ulcer symptoms or a history of multiple 
complications of the disease. 

In the past, there was controversy as to whether a vagotomy should 
be performed for patients with obstructing duodenal ulcers. Bergin and 
Jordan,! and Kraft, Fry, and DeWeese,’ in the late 1950s and early 1960s, 
cautioned against the use of vagotomy on the chronically obstructed 
stomach, reporting an increased incidence of postvagotomy gastric 
atony in these patients. 

Other surgeons, including myself, have not found postvagotomy 
gastric atony to be a problem in patients with obstruction. In fact, many 
surgeons have found their best results with vagotomy and drainage for 
chronic duodenal ulcer disease in patients with gastric obstruction as an 
indication for the operation. Hoerr and Ward,’ reviewing a 17-year expe- 
rience with three operations for duodenal ulcer, all of which included 
truncal vagotomy (vagotomy-gastrojejunostomy, vagotomy-hemigas- 
trectomy and vagotomy-pyloroplasty) found that all three operations 
when utilized for obstruction gave excellent results with low incidences 
of recurrent ulceration. Second operative procedures for recurrent ulcer 
were necessary in less than 4 per cent of patients regardless of the oper- 
ative procedure performed. Vagotomy and gastrojejunostomy appeared 
to have the best results when utilized for patients with obstructing 
duodenal ulcers. Similar excellent or good results have been obtained by 
Davis and Williams? with vagotomy and pyloroplasty; by Ellis, Starer, 
Venables, and Ware® using vagotomy and gastrojejunostomy; and by 
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DeMatteis and Hermann? who combined vagotomy with a comparison of 
four types of drainage procedures. 

An important aspect of the surgical management of obstructing 
duodenal ulcer is to obtain adequate drainage of the stomach, along with 
the vagotomy, at the time of the operative procedure. In my opinion, this 
can best be achieved by a Finney pyloroplasty or by an adequate gas- 
trojejunostomy. A gastroduodenostomy (Jaboulay procedure) may pro- 
vide excellent decompression of the chronically obstructed stomach, but 
a Heineke-Mikulicz pyloroplasty, in my opinion, is usually not as effec- 
tive because the duodenal bulb or pyloric channel is too scarred. Vago- 
tomy and antrectomy or hemigastrectomy, although an extemely effec- 
tive ulcer operation, has a higher operative mortality (2 to 3 per cent), a 
greater incidence of postoperative dumping and diarrhea, and may not 
be necessary for any but a few patients with obstructing ulcers.® !! 
Because of the degree of scarring in the pyloric channel in most patients 
with obstructing ulcers, I doubt that proximal gastric vagotomy and 
dilatation of the pylorus would be advisable. 

Because of the safety of the procedure and its effectiveness in 95 
per cent of patients, I continue to prefer vagotomy and Finney pyloro- 
plasty or vagotomy and gastrojejunostomy for most patients with ob- 
structing duodenal ulcers. In a young patient with a history of multiple 
complications of duodenal ulcer, now with symptoms of gastric outlet 
obstruction, I would choose vagotomy and antrectomy as the most effec- 
tive ulcer operation, one which might be nec hae in selected patients 
with a history of muliple ulcer problems. 


SUMMARY 


The incidence, pathogenesis, symptoms, roentgenographic, and en- 
doscopic findings of patients with gastric outlet obstruction from a 
chronic duodenal ulcer have been reviewed. In the experience of many 
surgeons, including myself, vagotomy and an adequate drainage proce- 
dure (Finney pyloroplasty, gastrojejunostomy, or gastroduodenostomy) 
provide excellent decompression of the obstructed stomach, as well as 
excellent control of the ulcer disease in most patients. Postvagotomy 
gastric atony has not been a problem. 
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Symposium of Peptic Ulcer Disease 


Postoperative Gastric Retention and 
Delayed Gastric Emptying 


Ian Donovan, M.D., F.R.C.S.,* 
and J. Alexander-Williams, M.D., Ch.M., F.R.C.S.+ 


Since the beginning of the era of gastric operations, surgeons have 
been aware of the complication of delay in emptying of the stomach. 
There is no absolute criterion of diagnosis of delayed gastric emptying 
but we suggest the arbitrary definition of failure to establish adequate 
emptying of fluids through the pylorus or stoma by the fifth postopera- 
tive day. Some surgeons routinely continue nasogastric suction and do 
not allow oral feeding until the fifth postoperative day.!* Others use no 
nasogastric suction and allow patients to eat and drink as soon as they 
are hungry and thirsty.’ However, all surgeons recognize the phenome- 
non of the patient who, after a gastric operation, either vomits or has 
gastric aspirate volume in excess of irttake at 7, 10, or more days after 
operation. 

The incidence of the complication varies in reported series. Some 
claim never to encounter it,’ others report incidences that vary with the 
operation and the type of patient operated upon. Bergin and Jordan? 
found delaying gastric emptying in 28 per cent of their patients treated by 
truncal vagotomy and pyloroplasty for duodenal ulcer with stenosis. Roth 
and his colleagues” reported that 27.5 per cent of their patients had gas- 
tric stasis after vagotomy and hemigastrectomy. In the early years of our 
experience with vagotomy and pyloroplasty we had delayed gastric emp- 
tying in 17 per cent of our patients but, as the result of a modification of 
technique described later, within 4 years the incidence has fallen to 2 
per cent.’ 


CAUSES 


The causes of delayed gastric emptying are (1) occlusion of the 
lumen at the stoma and (2) gastric atony as a result of vagal denervation 
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of the motor fibers of the stomach. In those patients who have had an in- 
testinal suture line and vagal denervation, both factors can occur. 
Predisposing factors include long-standing obstruction, inanition, gas- 
tritis, and chronic electrolyte depletion. There is no evidence that early 
drinking or eating predisposes to delayed emptying. 


Luminal Obstruction : 


Temporary mechanical obstruction may result from stomal edema 
when too generous a cuff is inverted in a two-layer anastomosis. Howev- 
er, we believe that the commonest cause of serious prolonged delay in 
gastric emptying is minor suture line leakage resulting in an abscess 
with surrounding edema and sometimes fibrosis. Rarely stomal obstruc- 
tion may result from kinking of a gastrojejunal anastomosis or from the 
technical error of suturing the front to the back wall of the anastomosis. 

Obstruction of the stoma due to internal herniation or retrograde 
jejunogastric intussusception are well recognized but rare complica- 
tions. A less well recognized but probably commoner cause is postische- 
mic fibrosis of the duodenum following devascularization by a too thor- 
ough dissection before gastroduodenal anastomosis. 


Vagal Denervation 


Vagotomy divides both secretory and motor nerves to the stomach. 
It has long been known that truncal vagotomy alone, without a drainage 
procedure, is associated with a high incidence-of gastric retention. Tan- 
ner" found that 49 per cent of patients had postoperative gastric stasis 
with vomiting and eructations after truncal vagotomy alone without 
drainage. However, even after this operation Dragstedt and his col- 
leagues’ found that if the stomach was emptied frequently by nasogas- 
tric suction, its tone gradually returned and after some weeks or months 
the patient was able to empty the stomach satisfactorily via the pylorus 
despite continued complete vagal denervation. 

In the dog it has been shown that vagotomy temporarily disorgan- 
izes the electrical activity of the stomach and causes a permanent slow- 
ing of pacesetter potential in the corpus and antrum. Furthermore, there 
is permanent impairment of the electrical response to stimuli.’® Studies 
of gastroduodenal motor co-ordination, also in the dog, have shown no 
long-term effect of vagal denervation either of the whole or of the prox- 
imal part of the stomach.' | 

Operations that retain the vagal innervation of the antrum (prox- 
imal gastric vagotomy) cause little disturbance of normal motor func- 
tion. Studies of myoelectrical and motor activity of the stomach in man 
have shown that in the early postoperative days there is a decrease to 75 
per cent of preoperative activity following proximal gastric vagotomy 
compared with a decrease to 38 per cent after selective and 31 per cent 
after truncal vagotomy." In our experience it is possible, after proximal 
gastric vagotomy, to allow patients to eat and drink as soon as they wish 
without risk of complication. Johnston? has reported a cumulative re- 
view of over 5000 patients after proximal gastric vagotomy with a very 
low incidence of gastric retention. 
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DIAGNOSIS 


In the immediate postoperative period, delay in gastric emptying 
must be distinguished from a generalized paralytic ileus and from 
mechanical intestinal obstruction. Although this will often be possible 
on clinical evidence, specialized investigation may also be required. 

X-ray examination is helpful in that it gives a visual indication of 
the nature and site of any obstruction and an estimation of the volume 
of fluid passing from the stomach into the distal bowel. Although water- 
soluble contrast media such as Gastrografin are safer than barium if 
there is any question of leakage from the gut, they have the disadvantage 
of giving a less clear image and of being hyperosmolar. We recommend 
the use of a dilute barium suspension if the clinical findings exclude the 
possibility of leakage. 

Gastroscopy will indicate whether there is mechanical obstruction 
to the stoma but in a patient with an anastomosis it may not be safe to 
distend the stomach with air in the first 10 days after operation. Endos- 
copy is, however, helpful in assessing patients with persistent delay in 
gastric emptying and may help to avoid reoperating on patients who 
have a widely patent stoma. Reoperation is a poor means of determining 
the cause of postoperative gastric retention. 

There is a group of patients who have impaired gastric emptying 
which is not an obvious problem in the immediate postoperative period. 
They present at varying time intervals within the first year after surgery 
with symptoms of postcibal fullness, foul eructations, and vomiting of 
old food residues. There is usually a gastric outlet obstruction with or 
without the added effects of vagal denervation. The delay in clinical 
presentation is probably due to progressive fibrosis following the initial 
suture line leak and surrounding inflammation. Diagnosis in these pa- 
_ tients is confirmed by barium meal examination. Where the clinical 
presentation is less florid and barium studies are equivocal, external 
scanning measurement of the gastric emptying of a radio-isotopically 
labelled solid meal is helpful. 


PREVENTION 


Prevention of the complication of suture line obstruction demands a 
meticulous operative technique. A two-layer intestinal closure causes 
more suture line inversion than does a single layer. However, a single 
layer anastomosis may have a greater tendency to leak, particularly if an 
interrupted suture “cuts through” inflamed or edematous tissue. When 
we began to employ vagotomy and pyloroplasty in the treatment of 
duodenal ulcer we followed the Heineke-Mickulicz technique with a 
two-layer closure. However, the high incidence of postoperative gastric 
retention (17 per cent in the first year) led us to adopt the Weinberg one- 
layer closure with interrupted silk. The results rapidly improved until 
the incidence of retention was 2 per cent. Later, two patients had 
prolonged gastric retention due to a peristomal abscess complicat- 
ing leakage. As a consequence of these experiences, we now perform a 
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pyloroplasty with an inner layer of continuous chromic catgut that ap- 
proximates the gastric mucosa to the full thickness of the duodenal 
wall. This is covered by an interrupted layer of silk sutures that suture 
the stomach wall to the duodenal wall with minimal inversion. This 
technique gives so little trouble that we no longer use postoperative 
nasogastric intubation and allow patients to drink as soon as they wish 
after the operation. i 

Preoperative cleansing of the stomach and removal of gastric resi- 
due is important in those patients with preoperative gastric outlet ob- 
struction and those with gastric carcinoma. The normal stomach con- 
tains relatively few pathogenic organisms, but the obstructed stomach 
or a stomach with malignancy is heavily contaminated and is likely to be 
associated with a greater risk of local sepsis after operation. In these pa- 
tients we employ preoperative gastric lavage and use preoperative 
parenteral antibiotic therapy, depending on the type of organism cul- 
tured from material obtained from the stomach at endoscopy or pre- 
operative lavage. 

Electrolyte repletion is important in patients with long-standing gas- 
tric outlet obstruction and vomiting. Intravenous sodium and potassium 
are given, but we do not find it necessary to take more than 24 hours in 
preoperative correction of electrolyte depletion. We have investigated 
the value of prolonged preoperative parenteral feeding in patients with 
gastric outlet obstruction who were undernourished but we could dem- 
onstrate no advantage of this often troublesome regimen when com- 
pared with the policy of rapid electrolyte repletion, early operation and 
early return to normal alimentation. We have found no advantage in 
prolonged nasogastric decompression of a preoperatively obstructed 
stomach. Gastric tone appears to return to normal within 24 hours after 
gastric retention is relieved. 

There are no preventive measures that can be taken when perform- 
ing total vagal denervation. However, when performing a proximal gas- 
tric vagotomy it is vital to ensure that the nerve of Latarjet is preserved. 
This is best achieved by dissecting the anterior and posterior leaves of 
the lesser omentum separately on the anterior and posterior aspects of 
the lesser curve, as far as possible away from the left gastric artery and 
vein. Hematomata must be avoided by gentle meticulous dissection 
with separate ligation of the many fine vessels. Some surgeons employ 
electrical nerve stimulation tests to demonstrate the integrity of antral 
innervation after proximal gastric vagotomy. We began by using this 
technique and can confirm that antral contraction can be checked 
visually and manometrically during operation. However, we find that 
with a careful technique the nerves were never damaged and in our 
practice routine nerve stimulation has been abandoned. 


TREATMENT OF ESTABLISHED DELAY 


When the diagnosis of delayed gastric emptying in the early post- 
operative phase has been established by the methods described above, 
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gastric decompression is advisable until normal gastric emptying is 
shown to have returned. When the obstruction is at the gastric outlet, 
the volume of fluid secreted into the stomach rarely exceeds 1 liter in 24 
hours. If the delay is due to gastric atony, some emptying usually occurs 
and the volume of aspirate is less. Continuous gastric aspiration is 
therefore unnecessary, intermittently hourly aspiration is adequate, 
allowing the tube to drain freely into a drainage bag so that swallowed 
air may escape. Fluid and electrolyte replacement must continue and in- 
travenous feeding with calories begun. 


Drug Therapy 


Urecholine has been shown to improve the rate of gastric emptying 
in patients with atony immediately after vagotomy when there is no 
mechanical obstruction, but to be ineffective if there is an element of 
obstruction.® !! Similar claims have been made for the drug bethanecol 
chloride but so far the claims have not been fully substantiated. Me- 
taclopramide (Maxolon) increases gastric emptying in the normal 
vagally innervated stomach.’ There is no evidence of its efficacy in 
improving the rate of emptying of the stomach in the early phase of 
atony after vagal denervation. However, metaclorpromide may be of some 
value in patients with inadequate gastric emptying many weeks or 
months after operation. 

Anti-inflammatory drugs have been recommended in patients with 
stomal edema; Butazolodin and steroids have had their advocates but 
they are dangerous drugs whose efficacy is unproven. We do not recom- 
mend their use. If tissue infection is playing a part in inflammatory 
edema then an antibiotic capable of achieving a high tissue concentra- 
tion may be helpful. 

Diet 

When obstruction is complete due to inflammatory swelling there is 
no value in giving either liquid or solid food. However, fluids may be 
given by mouth and reaspirated to improve the patient’s comfort and 
morale. It is important to remember that if clear water is given it re- 
turns as an isotonic aspirate and so electrolytes are dialyzed from the 
stomach. 

When there is no mechanical outlet obstruction but the delayed 
emptying is due to vagal denervation there is evidence and clinical ex- 
perience suggesting that solid foods are emptied better than liquids. A 
patient who continues to have large gastric aspirates when given a liq- 
uid diet may therefore empty the stomach relatively normally if given 
light solid food. 


Reoperation 


When a patient has established delayed postoperative gastric empty- 
ing, aspiration and parenteral feeding are continued in the expectation 
of return of normal emptying within 10 to 14 days. Fortunately, most pa- 
tients fulfill this expectation. However, when complete gastric retention 
has persisted for 14 days after the operation the question of reoperation 
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has to be considered. It is important to attempt to diagnose the cause of 
the obstruction; by the 14th day endoscopy is safe and usually infor- 
mative. If there is not complete stomal obstruction, we have continued a 
gastric aspiration regimen for up to 23 days in two patients who have 
subsequently recovered normal gastric emptying.” Follow-up studies 5 
years later show that both patients have no symptoms related to any de- 
fect of gastric emptying. If, however, at 14 days there is still complete 
stomal obstruction, the fortitude of the patient and the medical attend- 
ants is usually weakening and reoperation has to be considered. 

In those patients presenting some time after operation, drug thera- 
py, as mentioned previously, may be of benefit if the major problem is 
atony; if the delay is due to stomal obstruction, however, reoperation 
will probably be necessary. 


Choice of Operation 


When the operation is at a gastroduodenostomy or pyloroplasty, it is 
usual to bypass the duodenum. We have experience of three patients 
treated in this manner, one of whom still failed to drain satisfactorily 
with a gastrojejunostomy and later required a Roux-en-y operation. 

As an alternative approach, the stoma can be explored by a finger 
through a gastrotomy. If there is patency of the stoma or it can be es- 
tablished by gentle dilatation, then a tube can be passed through the 
stoma into the duodenum via the gastrotomy; another tube is passed 
into the stomach. The patient can then be managed by gastric aspiration 
and replacement into the duodenum either of the gastric aspirate or a 
prepared diet. Our experience is limited to three patients treated by this 
method, two fared well and normal emptying returned, the third later 
required a gastrojejunostomy. As a consequence of this limited experi- 
ence, we cannot give an authoritative statement. However, we advise 
that if there is gross peristomal edema and patency cannot be estab- 
lished easily, gastrojejunostomy is advocated but, where technically 
feasible, we prefer the double intubation technique. We consider it 
unwise in the early stage or weeks after the first operation to take down 
the entire anastomosis, as this is invariably technically difficult and haz- 
ardous. In the rare cases where technical disasters have made further 
dissection inevitable, we advocate completing the operation as a trun- 
cal vagotomy and antrectomy with a Roux-en-y anastomosis and a pro- 
tecting gastrostomy and duodenostomy (see below). 


Anticipation 


As previously stated we find that postoperative gastric retention is a 
rare complication in the patient with simple peptic ulceration requiring 
operative treatment. However, there are exceptional cases when the 
complication is expected, for example in patients with gross duodenal 
ulceration in whom there are special indications to perform a vagotomy 
and pyloroplasty or vagotomy, antrectomy, and gastroduodenal anasto- 
mosis. In such patients we feel that the discomfort and danger of 
prolonged nasogastric intubation is better avoided by performing a 
balloon catheter gastrostomy at the time of the first operation. Balloon 
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catheters have been developed with a third long limb that can be passed 
through the stoma into the bowel beyond. This allows simultaneous gas- 
tric decompression and duodenal feeding. There is much to recommend 
the use of this tube, although the fine distal tube can be difficult to site 
and the tubes may not readily be available. In 25 patients having total 
gastrectomy or Roux-en-y anastomoses, we have employed balloon cath- 
eter gastrostomy combined with a small balloon catheter duodenostomy 
in the second part of the duodenum. There were no local complications, 
SO We were encouraged to use this technique after vagotomy and antrec- 
tomy. This combination has been trouble-free in eight patients and gave 
us complete command of the situation. We were able to aspirate or in- 
troduce fluid on either side of the anastomosis. By this technique 
prolonged delays in postoperative gastric emptying could be managed 
with ease for the surgeon and comfort for the patient. 
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Symposium on Peptic Ulcer Disease 


Assessment of Completeness of 
Vagotomy 


Ole Kronborg, M.D.* 


The objectives of truncal and selective vagotomies are complete in- 
terruption of the vagal nerve supply to the stomach; the objective of 
proximal gastric vagotomy is complete denervation of the parietal cell 
mass. Unfortunately, it is not possible, with the present tests, to prove 
that these objectives are met. 

Tests to assess the “completeness” of vagotomy are both intraopera- 
tive and postoperative. Theoretically, intraoperative tests are preferred 
since an “incomplete vagotomy” could be detected during the opera- 
tion. Postoperative tests that show an incomplete vagotomy would 
require another operation to complete the vagotomy. From a practical 
standpoint, intraoperative tests have several limitations and an incom- 
plete vagotomy does not mean that the patient will suffer from persist- 
ing or recurrent duodenal ulcer. All these tests are designed to assess 
the anatomic and functional completeness of vagotomy and not to 
predict the risk of recurrent ulcer. Criteria of recurrent ulcer may be ob- 
tained by comparing the results of different tests with the clinical 
course of the patients, but valid criteria of complete vagotomy may prob- 
ably be approached only by comparing the tests with findings during au- 
topsy, and even then it is difficult to detect a primarily incomplete vagot- 
omy because of possible nerve regeneration. Furthermore, apparently 
intact nerves may not function during the test, because of neuropraxia. 


Objectives 


This article reviews and assesses the tests for functional and ana- 
tomic completeness as well as prognostic value of vagotomy. Tests 
which are of major importance to the general surgeon are emphasized. 


INTRAOPERATIVE TESTS 


There are five intraoperative tests available to test completeness of 
vagotomy. These are (1) the electrical stimulation test; (2) leucomethy- 
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lene blue test; (3) gastric pH-metry; (4) Congo and neutral red test; and 
(5) gastric adaptation. 


Electrical Stimulation Test 


Burge and Vane" described this test in.1958. The principle of the 
test is placement of a tube around the lower esophagus and vagal trunks 
for traction. Then a cuffed rubber tube is passed orally until its tip lies in 
the stomach. The electrodes, consisting of semicircular bands, are 
applied to the esophagus and the cuff is inflated. The pylorus is occluded 
with a clamp and the stomach filled with water; 40-50 volts per sec is 
used for stimulation and the intragastric pressure is recorded by a trans- 
ducer. After a control stimulation all the vagus nerves that can be found 
are cut. The electrodes are then replaced and the stimulation is re- 
peated; this procedure is followed until there is no increase in pressure 
dess than 2 mm of water). 

The test was first used to ensure a complete truncal vagotomy and 
later it was applied to selective vagotomy.'®? Seven hundred patients un- 
derwent surgery and this was used in all. Ten patients were readmitted 
with recurrent ulcer in spite of a negative intraoperative test. Further 
follow-up data were not published. The use of the stimulation test has 
not reduced the frequency of positive insulin tests, 7°84 and one 
study!!” demonstrated no correlation between the stimulation and insu- 
lin tests. Another study’? showed no difference in the incidence of recur- 
rent ulcer when the electrical stimulation test was or was not used. 

The test has several pitfalls: drugs given before the test may block 
vagal transmission, the electrodes may not encircle all the vagal 
branches, and the time of operation is prolonged. Randomized studies 
demonstrating the clinical value of electrical stimulation have not been 
performed and the conflicting data limit its routine use. 


Leucomethylene Blue Test 


In 1969, Lee*® described a neural stain, leucomethylene blue, which 
stained small nerve fibres in 34 of 41 specimens. This yellow dye turns 
blue. According to Lee, small nerve fibers oxidize the dye more readily 
than other tissues. After dissection of the cardiac peritoneum and 
division of the main trunks the stain is applied to the surface of the 
esophagus. All tissues turn blue, but the excess stain is removed with 
saline solution. When used in rabbits, 25 of 26 darkly stained fibers from 
the esophagus contained nerves, but none of 14 pale blue stained struc- 
tures.°° 

Clinical experience has not been as promising. Two studies?* * 
revealed nerve tissue in no more than one third of the stained fibers. In 
another study staining of the esophagus where the surgeon had judged 
the vagotomy to be complete, demonstrated uncut nerves in 50 per cent 
of the patients.*» The results of insulin tests in this group did not differ 
from those in another when the stain was not used. It must be concluded 
that leucomethylene blue is nota selective nerve stain, but may help com- 
plete a vagotomy by detecting small uncut vagal fibers. Further clinical 
trials seem warranted. 
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Gastric pH-metry 


The Grassi test is performed with a glass electrode through a gas- 
trotomy. A pH probe is applied to the unstimulated gastric mucosa. Nor- 
mal mucosal pH values vary between 5.5 and 7.0 during surgery. Acid 
zones after stimulation with histamine or pentagastrin are claimed to be 
due to vagal innervation. The vagal nerves can then be found and cut 
and the mucosa becomes neutral. Postoperative insulin tests are said to 
be negative if the pH test shows no decrease of pH after histamine 
Grassi has also reported intragastric pH values of 5.7 + 0.7 during his- 
tamine tests 3 months after vagotomy in 106 patients with complete 
vagotomy according to pH-metry. Others® have questioned the reliability 
of the test; a pH of 5.5 or more during an augmented histamine test 3 
months after any vagotomy is unusual, without pH-metry. Earlam” 
measured unstimulated gastric mucosal pH in 37 patients after 
vagotomy and found a mean value of 1.9. 

The time of operation is prolonged by the test and the rate of recur- 
rent ulceration has not been less. Further studies are needed to establish 
the value of the pH-metry test. 


Congo and Neutral Red Test 


Kusakari et al.”” used a gastroscope through which Congo red was 
sprayed to the gastric mucosa. He determined it took less than one 
minute for the dye to change color because of an acid pH. The time 
required for complete color change was 8 to 20 minutes. The time inter- 
val is prolonged significantly after vagotomy. Correlation between 
Congo red and insulin tests was found in five patients. An area of initial 
color change corresponded to the site of an incomplete vagotomy in 
.three patients. The test requires an assistant; it may be valuable in de- 
tecting uncut vagal fibers, but it is not known whether the incidence of 
recurrent ulcer will be lowered. 

A combination of 2-deoxy-p-glucose (2DG) and neutral red has been 
used to test the completeness of vagotomy, both intraoperatively and 
postoperatively.” 1!8 2DG is a more potent vagal stimulator of acid secre- 
tion than insulin. The neutral red dye is secreted by the parietal cells in 
the presence of intact vagal innervation of the stomach.** At surgery the 
presence of dye in the stomach is determined by swabbing the mucosa 
through the incision used for pyloroplasty. Change in color of the 
aspirate is noted postoperatively. Thirty minutes of observation are 
allowed after injection of 2DG before the test is called positive. It has 
been suggested” to stimulate the vagal nerves by the Burge machine in- 
stead of using 2DG, but it seems unappealing to add the drawbacks of 
the Burge test to those of the neutral red. 


Gastric Adaptation 


Koster and Madsen® distended the stomach by introducing an in- 
flated balloon through a pylorotomy. The intragastric pressure was 
measured after 50 ml increments of water had been injected into the 
balloon (1000 ml was maximal). Pressures were measured before and 
immediately after vagotomy in 20 patients. The increase in pressure 
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after vagotomy did not correlate with the result of the postoperative 
insulin test, and no definite statement could be made about the complete- 
ness of vagotomy with this test. A smaller increase of pressure in dogs 
was noted after a deliberately performed incomplete vagotomy than 
after complete vagotomy.'’ However, the rise in pressure was the same 
whether the nerves had been cut or only loosely encircled by untied liga- 
tures. Thus, measurements of gastric adaptation seem very limited in 
assessing the completeness of vagotomy. 


POSTOPERATIVE TESTS 


Insulin Test 


Hollander! introduced the insulin test after it was shown in dogs 
that hypoglycemia resulted in an increase of acid concentration (acidity) 
in aspirates from Pavlov pouches but not from Heidenhain pouches. 
Basal secretion is collected during four consecutive 15-minute periods, 
then insulin 0.2 I.U. per kg is given intravenously and aspiration con- 
tinued for eight 15-minute periods. Acidity is measured in each sample 
by titration to pH 7.0. The test is positive when the acidity in- 
creases more than 20 mmol per L above the basal level in any 15 
minutes following insulin, unless the basal acidity is zero, in which case 
an increase of 10 mmol per L is sufficient. A blood glucose value below 
45 mg per 100 ml is necessary to ensure a positive response in all pa- 
tients before vagotomy.” 

The incidence of positive tests within the first two weeks after trun- 
cal and selective vagotomy varies from 15 to 40 per cent;** 7% the vari- 
ations after proximal gastric vagotomy are even more pronounced (3 to 54 
per cent).*! & ” Insulin tests performed several months after vagotomy 
show an increase in rate of positive responses,°” * 4 but the quantitative 
increase in acid response is small in most patients. A response similar to 
that before vagotomy is seen in 5 to 10 per cent of patients after truncal 
vagotomy” and is usually due to intact large vagal trunks. This has been 
verified only in patients with recurrent dyspepsia suspected of having 
recurrent ulcers.** 7! Revagotomy usually results in a significant reduc- 
tion of the acid response. It is less certain whether a small acid response 
to insulin is due to incomplete vagotomy. Secretory nerves may reach 
the stomach within the esophageal wall or through the diaphragm. The 
former possibility may explain the higher acid response to insulin after 
proximal gastric vagotomy when the dissection has cleared only the 
lower 2 cm of the esophagus, compared to a lower response when 5 to 7 
cm of the esophagus has been cleared.’ 4” *7 

A gastrin release following release of epinephrine during the insulin 
hypoglycemia’” may also contribute to the small acid response, which 
can be reduced by beta-adrenergic blockade.”” 

The increased rate of positive Hollander responses after the first 3 
months may be explained by intraoperative neuropraxia, postoperative 
nerve sprouting, or nerve regeneration across a gap.® 1% 


COMPLETENESS OF VAGOTOMY 1425 


The value of insulin tests to determine the completeness of vagot- 
omy is debatable. However, recurrent duodenal ulcer after vagotomy is 
more common in patients with a positive Hollander response than in 
those with a negative response.‘” 77° The specificity of the response is 
80 per cent in the early postoperative period, but only 65 per cent when 
the test is performed several months later.”? The corresponding figures 
for sensitivity are 45 and 70 per cent respectively. The discriminative 
ability is therefore low. Many authors have presented other arbitrary cri- 
teria of recurrence for a positive test,> ® 31-38-95. 107. 113.114 byt none of 
these criteria have increased the specificity or diagnostic value. Less ar- 
bitrary criteria have been derived” by comparing the results of insulin 
tests and clinical results several years after vagotomy; the values are 
chosen so as to place the largest possible proportion of both recurrences 
and nonrecurrences correctly in relation to a critical level of acid secre- 
tion.’ A small increase in the diagnostic value resulted and the predic- 
tive value increased by adding criteria®® or raising the critical level, but 
these measures reduced the sensitivity. Another way of increasing the 
diagnostic accuracy is by limiting the diagnostic criteria to dyspeptic pa- 
tients after vagotomy;” recurrence may then be predicted with an accu- 
racy of 80 per cent without any change in specificity or sensitivity, but 
this accuracy rate is still less than that of endoscopy. The higher the acid 
response to insulin is, the more likely that recurrent ulcer is present. It is, 
therefore, preferable to quote the actual figures for the acid response 
instead of a positive or negative result.* 3 16 

The standard insulin test is not without risk. Death from coronary 
occlusion has been reported.” The insulin infusion test!” +! produces 
less side effects, since the degree of hypoglycemia required for a similar 
acid response is less than that after a single injection. This modification 
. of the test is recommended, but no patient with cardiac disease should 
be subjected to any insulin test. Tolbutamide, which stimulates the en- 
dogenous release of insulin, results in a smaller drop in blood glucose, 
but the value of Tolbutamide tests! in assessing the completeness of 
vagotomy or predicting recurrent duodenal ulcer has not been estab- 
lished. 

In summary, insulin tests should be performed routinely in patients 
without cardiac disease to assess the technique of the trainee vagot- 
omist: acid responses similar to those in unoperated patients should not 
occur in more than 5 to 10 per cent after truncal vagotomy and probably 
in a smaller number after selective and highly selective vagotomy. The 
test should also be performed in patients with recurrent ulcer after 
vagotomy; a reoperation should then include revagotomy if the acid 
response is similar to that in unoperated patients with intact vagal 
nerves. 


2-Deoxy-D-Glucose Test 


2-deoxy-b-glucose (2DG) is a more potent activator of gastric acid 
secretion than insulin;*® #9 it inhibits cellular anaerobic glycolysis, and 
the vagal centers are stimulated by the resulting intracellular gluco- 
penia."? The method of performing this test is similar to that of the 
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insulin test; the dose is 2-DG, 40-50 mg per kg body weight, and the 
calculated dose is injected intravenously. 

2-DG produces an earlier and greater acid response than insulin in 
patients with incomplete vagotomy according to Hollander,'® but it is 
not known whether 2-DG is superior to insulin in assessing the complete- 
ness of vagotomy or predicting the risk of recurrence. The side effects 
are similar to those seen during insulin tests and the test should not be 
performed in patients with cardiac diseases. 


Basal Acid Secretion 


Measurements of basal acid secretion before and after different 
vagotomies show reductions in output of 80 to 90 per cent.” However, 
resection of uncut vagal trunks during revagotomy also reduces the 
basal output by an average of 80 to 90 per cent. The reproducibility of 
these measurements is low.'!® Basal and insulin activated acid secretion 
are significantly related in patients with duodenal ulcer.*:” Arbitrary 
criteria of incomplete vagotomy based on basal secretion measurements 
have therefore been suggested,’ 1° but the only thing which can be 
shown for certain is that recurrent ulcer is correlated, with rare excep- 
tion, to basal acid secretion.**: 7° The predictive value of recurrent 
ulcer by this method is low, whether the criteria are arbitrary or calcu- 
lated by discriminative analysis. Accordingly, the value of basal acid 
secretion alone is of little clinical value. 


Augmented Histamine Test 


Kay” introduced this test in 1953 after it was shown that subcu- 
taneous injection of histamine acid phosphate 0.04 mg per kg body 
weight produced a maximum acid response, which was reproducible. 
An antihistaminic should be given 30 minutes before the test, to protect 
the patient against systemic side effects. Gastric secretion is aspirated 
during four 15-minute periods before (BAO) and after histamine (MAO). 
Augmented histamine response (AHR) is the output from 15 to 45 
minutes after histamine, multiplied by two. PAO is the sum of the two 
highest consecutive 15 minute outputs, multiplied by two. AHR and 
PAO are nearly identical. The difficulty of interpreting PAO may be 
avoided by continuous intravenous infusion of histamine.*! A highly sig- 
nificant correlation exists between acid output after subcutaneous injec- 
tion and intravenous infusion, but the latter is 20 per cent higher. MAO 
is significantly related both to BAO and the number of parietal cells in 
the intact stomach.'* * 

The maximum acid secretion is reduced an average of 60 to 70 per 
cent after vagotomy.®” Drainage alone does not reduce the acid output.*6 
The reduction seems to be permanent, whether or not the Hollander 
response to insulin is positive’ Maximum secretion may be restored to 
some degree by increasing the dose of histamine;? this indicates a 
decreased sensitivity of the parietal cells to histamine after vagotomy. 

The per cent reduction of PAO is less in patients with positive 
Hollander tests than in those with negative tests; it is also less in pa- 
tients with positive Hollander responses within 0 to 45 minutes than in 
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those with later positive responses.® ® The vagotomy may therefore be 
more complete in the latter group. What may be more important, is PAO 
before and after vagotomy.** The response to insulin after vagotomy 
seems to be a better test of estimating postvagotomy-PAO than preopera- 
tive PAO, i.e., the completeness of vagotomy is more important for the 
resulting maximum acid secretion than the number of parietal cells.* 
Accordingly, the per cent reduction of AHR after vagotomy is less in 
patients with apparently intact vagal trunks (as found during revagotomy) 
than the average reduction of 60 to 70 per cent.” The comparison of 
preoperative and postoperative histamine tests supplies the same in- 
formation about the completeness of vagotomy as a postoperative insulin 
test alone, and no more. 

The risk of recurrent ulcer after vagotomy is related to maximum 
acid secretion, both before and after vagotomy.” *: 3 In a series of 500 
patients with duodenal ulcer,” men with a preoperative PAO of more 
than 46 mmol per hour had a risk of recurrence amounting to 21 per 
cent within 6 to 8 years after truncal vagotomy. The critical level in 
women was 41 mmol per hr, and the recurrence rate was 28 per cent 
above this level. Below the levels, the risk was 5 per cent and 1 per cent. 
In a smaller series of 117 men treated with selective vagotomy and 
pyloroplasty the figures were similar.” 

The critical level of PAO 10 days after vagotomy is about 20 mmol per 
hr in men and 18 mmol per hr in women. The risk of recurrent ulceration 
is approximately 25 per cent above and 5 per cent below the levels.”? The 
per cent reduction of PAO also has a discrimination ability,2” ” the criti- 
cal level being about 65 per cent. Patients with high PAO values before 
vagotomy are less likely to have a postoperative PAO below a safe 
threshold and therefore have a higher risk of recurrence. However, this 
may not be true after proximal gastric vagotomy.*® 

A medical vagotomy” has been suggested to predict the reduction of 
PAO after surgical vagotomy. On one day the standard histamine test is 
performed; on the other the nerves are blocked by injection of hex- 
amethonium and atropine before the test. The reductions of PAO after 
medical and later surgical vagotomy are significantly related, but the 
test frequently underestimates the surgical reduction,’ and the predic- 
tion is so poor in one-third of the patients® that the test has no clinical 
value. 

Criteria of recurrence based on augmented histamine tests are no 
better than those based on insulin tests. However, the surgeon’s tech- 
nique may be assessed and the need of revagotomy estimated by his- 
tamine tests. Because of the side effects, histamine should now be 
replaced by pentagastrin. 


Maximal Histalog Test 


Histalog (Betazol) is an analogue of histamine, which produces an 
acid response similar to that during intravenous infusion of histamine.®” 
121 An antihistamine is not required, but a 2-hour collection period after 
stimulation is necessary, since PAO often falls within the second 
hour.'> Histalog also has side effects; therefore, this test should be 
replaced by pentagastrin. 
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Pentagastrin Stimulation Test 


Pentagastrin (Peptavlon, I.C.I.) contains the active tetrapeptide of 
gastrin and is the stimulant of choice in tests of maximum acid secre- 
tion22 Only minimal and transient side effects have been noted. A sub- 
cutaneous injection of 6 wg per kg body weight produces an acid 
response nearly equal to that of histamine.* *’ The responses to intra- 
venous infusions of maximal and supramaximal doses of histamine and 
pentagastrin are indistinguishable over 135 minutes.! The acid re- 
sponses to both stimulants are reduced to the same degree after dif- 
ferent vagotomies.** *! The sensitivity of the parietal cells to pentagas- 
trin as well as to histamine is decreased after truncal and selective 
vagotomy;®* the dose of pentagastrin required to elicit maximum acid 
output after proximal gastric vagotomy seems to be the same as before 
vagotomy.®! 

Pentagastrin should replace histamine for use in gastric acid secre- 
tion tests. 


pH Telemetering Capsule 


A pH-sensitive endoradiosonde (Heidelberg capsule) may be used to 
assess gastric acid secretion.®® The patient swallows an untethered pH- 
capsule and the basal pH is noted by a receiver which activates a pen re- 
corder. Intragastric titration may then be performed by administration 
of a known amount of bicarbonate and the time taken for a return to 
basal pH recorded. 

AHR is related to the “alkali test time” measured during augmented 
histamine tests,? and reasonable correlation has also been found be- 
tween the results of pentagastrin and pH-telemetry tests.1" No studies 
have been published on pH-telemetry with intragastric titration after 
vagotomy. pH measurements without titration have been compared 
with results of insulin tests after vagotomy, but no quantitative rela- 
tionship has been established between completeness of vagotomy and 
pH measurements."! So far, radiotelemetry cannot be recommended for 
clinical use. 


Pepsinogen and Pepsin 


Pepsinogens are found in gastric and duodenal mucosa. They 
are separated into two groups, Pg I and II, and the concentrations in 
serum can now be determined by radioimmunoassay.** Measurements 
of Pg I during collection of basal acid secretion are positively correlated 
to PAO, both before and after vagotomy,*” 8 but it is not known whether 
Pg I is of any help in assessing the completeness of vagotomy. 

One study has shown a higher mean concentration of Pg I in pa- 
tients with recurrent ulcer after vagotomy than in those without recur- 
rence. However, recurrences after vagotomy and pyloroplasty were com- 
pared to nonrecurrences after vagotomy and antrectomy, the latter 
having a reduced number of chief cells. Serum Pg I has also been 
measured during Histalog tests.°® An increase was observed in 20 of 20 
patients with recurrence after vagotomy and pyloroplasty, when com- 
pared to basal serum Pg I; a decrease was seen in 20 of 25 patients 
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without recurrence after vagotomy and antrectomy. However, the in- 
crease of serum Pg I after Histalog was related to a positive Hollander 
response to insulin, whether or not the patient had recurrence. It may 
therefore be related to an incomplete vagotomy. Further studies are 
needed to evaluate the clinical importance of this “tubeless” method of 
measuring gastric function. 

Measurements of gastric secretion of pepsin or its fractions are not 
standardized. The basal secretion is probably decreased by vagotomy.’ 
6 Insulin hypoglycemia produces a quantitative and parallel response 
for both pepsin and acid in healthy men.!”° According to Hollander,’ a 
response has also been reported in 20 per cent of patients with complete 
vagotomy; this could be due to an incomplete vagotomy, since a minor 
acid response could have been masked by buffers in the gastric con- 
tents. 

The pepsin response to histamine and pentagastrin™* !37 is approxi- 
mately one-third of the acid response, both before and after vagotomy, 
and may possibly be used to predict the risk of recurrent ulcer. A single 
study has shown that the response to insulin is at least 70 per cent of 
that to pentagastrin in 95 of 100 patients with intact vagi;'* only 12 per 
cent had a pepsin ratio above 0.70 after vagotomy, but a much higher 
proportion (59 per cent) was found in patients with suspected recurrent 
duodenal ulcer. However, a valid appraisal of the use of pepsin measure- 
ments in assessing the completeness of vagotomy and risk of recurrence 
cannot be made before more experience is available. 


Gastrin After Vagotomy 


Insulin hypoglycemia produces an increase in serum concentrations 
of gastrin as measured by radioimmunoassay in patients with intact 
vagi.*® °* The basal level of serum gastrin is generally elevated after 
vagotomy, regardless of the completeness according to Hollander.’ 4® 1° 
The response to hypoglycemia has been reported to be abolished after 
complete vagotomy, but still present although reduced, after incomplete 
vagotomy, using the criteria of Hollander. However, ‘‘complete” prox- 
imal gastric vagotomy did not abolish the gastrin response. Other 
groups have found hypoglycemia release of gastrin after “‘complete”’ 
vagotomies,'* 4 but probably a smaller response than in patients with 
positive Hollander tests.** 

It has not been established whether gastrin measurements are of 
help in assessing the completeness of vagotomy, and whether they have 
any prognostic value is in question,” except in patients with the 
Zollinger-Ellison syndrome or retained antrum. 


Gastric Myoelectrical and Motor Activity After Vagotomy 


An omnipresent rhythm of electrical waves known as the pacesetter 
potential (PSP) is well established in the lower two-thirds of the stom- 
ach. Regular antral myoelectrical activity, measured by nasogastric 
mucosal electrodes, is decreased after vagotomy;'” the decrease is more 
pronounced after truncal and selective vagotomies than after proximal 
gastric vagotomy. The mean amplitude of PSP is also reduced by dif- 
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ferent vagotomies. The shape of PSP is changed from peaked to sinusoi- 
dal after truncal and selective, but not after proximal gastric vagotomy. 
The changes in amplitude and shape are permanent, while regular ac- 
tivity returns to preoperative levels after some time.’ The frequency of 
motor waves is permanently reduced after all three vagotomies. 

The extent of denervation of the antrum may be checked, since the 
electrical activity is disorganized for up to 3 weeks after truncal and 
selective vagotomy and the shape of PSP is changed for as long as 8 
years, while proximal gastric vagotomy only results in a reduced ampli- 
tude.”8 

No difference has been found in PSP between patients with nega- 
tive and late positive Hollander response,’ but one patient with recur- 
rent ulcer and early positive insulin test had an amplitude which was 
significantly greater than other patients. So far, recordings of PSP are 
not suitable for routine use in the clinic. 


CONCLUSION 


None of the intraoperative tests to assess the completeness of vagot- 
omy seem to be reliable. Leucomethylene blue is certainly not a selec- 
tive nerve stain, but it has revealed uncut small nerves in half the pa- 
tients otherwise judged to have a complete vagotomy and may therefore 
be recommended for clinical use; it is inexpensive and adds little time to 
the operation. 

I believe postoperative insulin tests assessing vagotomy should be 
performed routinely to assess the technique of the trainee vagotomist, 
but insulin tests per se may be replaced by preoperative and postopera- 
tive pentagastrin tests. An incomplete vagotomy is probably found in 
most patients with little reduction of maximum acid secretion or an acid 
response to insulin similar to that in unoperated patients. An insulin test 
should therefore also be performed in patients with recurrent duodenal 
ulcer after vagotomy to investigate the necessity of doing a revagotomy; 
a pentagastrin test may replace the insulin test if a measurement of 
maximum acid secretion has been done before the original vagotomy. 

It is not important whether acid secretion measurements are per- 
formed one week or several months after vagotomy, since a small acid 
response, which may be concealed by gastric retention of food remnants 
in the early postoperative period, is of no clinical value. 

Pentagastrin and insulin tests should not be performed to predict 
the risk of recurrent ulcer after vagotomy. Other clinical examinations 
with a higher diagnostic accuracy are available. 
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Symposium on Peptic Ulcer Disease 


Marginal Ulcer: A Guide to Management 


Edward Passaro, Jr., M.D.,* H. Earl Gordon, M.D.,t 
and Bruce E. Stabile, M.D.+ 


A marginal ulcer occurring after an initial operation for gastroduo- 
denal ulcer disease is a serious threat to the patient and a difficult 
challenge to the surgeon. This review is intended to acquaint the 
surgeon with factors in the etiology of marginal ulceration, and to 
provide some useful diagnostic aids. Marginal ulcer is a complex prob- 
lem, and a well-planned method of diagnosis and treatment is therefore 
essential. 


Incidence 


Marginal ulcers most often occur following operations for duodenal 
ulcer disease.® * It is estimated that a marginal ulcer will subsequently 
develop in 3 to 10 per cent of patients operated on for duodenal ulcer. It 
is distinctly more common in men than in women (6:1).!* 17 31:6 The 
reported incidence of marginal ulcer varies depending on the initial 
operation for peptic ulcer disease. It ranges from more than 30 per cent 
after simple gastroenterostomy” to less than 1 per cent following vagot- 
omy and resection” (Fig. 1). Of the current, popular operations, va- 
gotomy and gastric resection consistently has the lowest reported ulcer 
recurrence rate. 


Factors in the Development of Marginal Ulcer 


INADEQUATE SURGICAL PROCEDURES. The two most common 
causes of marginal ulcers are inadequate vagotomy and simple gas- 
troenterostomy. An effective truncal vagotomy eliminates direct vagal 
stimulation of acid, decreases the release of gastrin, and reduces the 
response of the parietal cell to various stimuli. An inadequate vagotomy 
contributes to the genesis of a marginal ulcer by allowing the continued 
function of one or more of these factors. Simple gastroenterostomy 
reduces neither vagal stimulation nor antral gastrin release, nor does it 
reduce the parietal cell mass. Interestingly, and in contrast to other 
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operations for peptic ulcer disease, a period of 10 or more years may be 
required for marginal ulcer to develop following this procedure. 

A third common surgical deficiency is an inadequate gastric resec- 
tion. While resection of two-thirds or more of the stomach without vago- 
tomy has a low rate of ulcer recurrence,’ experience has shown that 
lesser resections have a higher rate of failure.”° 

Lastly, a retained distal antrum in the duodenal stump following a 
Billroth II gastric resection is highly ulcerogenic. Since it is not inhi- 
bited by gastric acid, the retained antrum elaborates excessive quantities 
of gastrin, constantly stimulating the gastric remnant to produce increas- 
ing quantities of acid. For this reason, a retained antrum may simulate 
the Zollinger-Ellison syndrome.** *° © Resection of the retained antrum 
produces healing of the marginal ulcer.® 

UNRECOGNIZED ENDOCRINE FAcTorsS. There.appears to be a strong 
relationship between hyperparathyroidism and ulcer disease. It is es- 
timated that the prevalence of peptic ulcer disease in hyperparathyroid 
patients is ten times that of the general population.* Conversely, hyper- 
parathyroidism is found in ulcer patients with ten times the frequency 
of that in the normal population. Further, the correction of hyperparathy- 
roidism has been followed by healing of the ulcer in about one-half of 
the patients having both problems. 

The Zollinger-Ellison Syndrome. The presence of a gastrin-secret- 
ing tumor (gastrinoma), although rare, is an important cause of recur- 
rent ulcers. Most patients with gastrinomas are not diagnosed early and, 
therefore, are treated as having ordinary duodenal ulcer disease. Regre- 
tably, three-fourths of the gastrinoma patients have had a previous 
operation for ulcer disease and have experienced a recurrence of the 
ulcer.’ ® This is a significant factor in the high morbidity and mortality 
with this disease. Although gastrinomas have been found only rarely at 
operation for recurrent ulcers (1.8 per cent),! 2% 99 57-6 it is important 
that the marginal ulcer patient be thoroughly investigated for this con- 
dition preoperatively, because proper treatment of the Zollinger-Ellison 
syndrome is usually total gastrectomy. 

ULCEROGENIC Drucs. The ingestion of a number of drugs, includ- 
ing salicylates,*®*° indomethicin, phenylbutazone,®244 corticos- 
teroids,*’ *? and reserpine’* ** have been associated with peptic ulcer. A 
careful history should be taken for the use of these agents and they 
should be discontinued during the evaluation of the patient with a 
marginal ulcer. 
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Aids in Evaluation 


History. Marginal ulcer is one of the few causes of left upper 
quadrant abdominal pain. Such pain (or recurrent epigastric pain), 
especially if relieved by antacids, should strongly suggest a marginal 
ulcer in a patient who has previously been operated for ulcer disease. 
Pain is evident in two-thirds of patients within 2 years,®® and is often ac- 
companied by a significant weight loss occurring after the previous 
ulcer operation.?” 3738 The stool should be carefully examined for occult 
blood which occurs in 20 to 33 per cent of cases.* '* Patients who have 
had a previous ulcer operation and who complain of foul breath 
(pyrosis), the acute onset of feculent smelling emesis, or diarrhea con- 
taining undigested food particles, should be suspected of having a gas- 
trojejunocolic fistula.’ 

ROENTGENOGRAPHY. While an upper gastrointestinal series is 
usually done, in almost half the cases it may be both difficult to interpret 
and generally uninformative.” '!: ‘4: 6 Therefore, a “negative” upper gas- 
trointestinal series does not exclude this entity. When available, a com- 
parison with an earlier postoperative gastrointestinal barium study 
may be helpful in determining if a marginal ulcer is present. 

ENbDoscoPpy. Our experience, as well as that of others, indicates the 
superiority of fiberoptic endoscopy over roentgenography in diagnosing 
a marginal ulcer. The presence of the ulcer should be documented by a 
photograph to avoid confusion with ‘suture abscesses” or stomal ero- 
sions. Healing of the ulcer can be followed by repeat endoscopies. 

AcID SECRETORY STUDIES. Although acid secretory studies are 
infrequently helpful in diagnosing duodenal ulcer disease, they may be 
useful in evaluating patients with marginal ulcer. To be meaningful, the 
tests must be done accurately after the nasogastric tube has been in- 
serted under fluoroscopic control. Measurement of the basal acid secre- 
tion may provide valuable information. Following either adequate vago- 
tomy or gastric resection, basal acid secretion is reduced to 0.3 mEq per 
hr or less.2 Marginal ulcer patients, however, frequently have a basal 
acid secretion of 2.0 mEq per hr or more,” and histamine-stimulated 
values of 6.0 mEq per hr are strongly correlated with the presence of a 
marginal ulcer.'® 

The Hollander Test (insulin hypoglycemic stimulus) has been 
widely used in the evaluation of patients with a marginal ulcer resulting 
from presumed “incomplete” vagotomy. Unfortunately, the test leaves 
much to be desired,” since criteria for interpretation are variable. The 
test is unpleasant and dangerous, and it is at best an imperfect indicator 
of vagal integrity. It should be emphasized that a “positive” Hollander 
test does not necessarily mean that the vagotomy is clinically inade- 
quate, since many patients with “positive” Hollander tests show no evi- 
dence of marginal ulcer.'* *** Similarly, patients with “negative” Hol- 
lander tests have been shown to have marginal ulcers.” ** In our opinion 
the test should be abandoned. 

Stimulated acid secretion is of particular value in the Zollinger- 
Ellison syndrome. Betazole (Histalog) is an excellent stimulus because 
of its safety, potency, rare side effects, and duration of action. The ratio 
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of the basal to maximal acid output (BAO/MAO) following betazole ad- 
ministration may be 0.6 or more in the Zollinger-Ellison syndrome. The 
acid and serum gastrin response to a calcium or secretin infusion may 
also be of help. Calcium is normally only a weak stimulus of acid secre- 
tion. In the presence of a gastrinoma, however, it may be as potent as 
betazole. It is a powerful stimulus for the elaboration of gastrin by the 
gastrinomas present in the Zollinger-Ellison syndrome. Secretin, given 
intravenously, also causes the the release of gastrin from gastrinomas, 
but inhibits the release of gastrin from the antrum in patients with 
duodenal ulcer disease.” Therefore, it is also of value in differentiating 
patients with gastrinomas from those with retained antrum. 

SERUM GASTRIN. Just as the relationship between gastrin and pep- 
tic ulcer disease remains unclear, the role of gastrin in the development 
of marginal ulcers is still unknown. It may be pointed out, however, that 
this hormone may be more important in the development of marginal 
ulcer than in the genesis of ordinary peptic disease, at least in some pa- 
tients who have had vagotomy without gastric or antral resection.”® ®! At 
present, definitive serum levels of gastrin in marginal ulcer after the 
various ulcer operations for peptic ulcer disease remain undefined. 
However, serum gastrins should be obtained in all patients with 
marginal ulcer to exclude the diagnosis of gastrinomas. An elevated 
serum (absolute values depend on the laboratory performing the test) in 
the absence of a retained antrum is virtually diagnostic of a gastrin- 
producing tumor. Since in our experience 40.per cent of patients with 
gastrinoma have basal gastrin concentration in the normal range, stimu- 
lation with a calcium infusion or secretion injection should be done if 
the basal gastrin values are not elevated. 

SERUM PEPSINOGEN. A radioimmunoassay for serum pepsinogen 
Group I which is simple, sensitive and reliable has recently been devel- 
oped.*7 The Group I pepsinogen level is an accurate reflection of the 
secretory capacity of the fundic mucosa (Samloff, personal corre- 
spondence). Experience indicates that the diagnosis of marginal ulcer 
may be aided by determination of the betazole-stimulated Group I pep- 
sinogen level in patients suspected of having marginal ulcer.*® 

Catcium. Unrecognized hyperparathyroidism as a cause for 
marginal ulcer has been described.':* ® Multiple serum calcium deter- 
minations should be done to detect this condition and if elevated, 
primary hyperparathyroidism should be strongly considered. If found, 
parathyroidectomy should be considered as it may cure the ulcer. 

RADIOISOTOPE SCAN. Retained gastric antrum after a Billroth II 
gastrectomy can be difficult to detect. A technetium pertechnetate radio- 
isotope scan has been used to detect the retained antrum, and allows for 
its easy differentiation from gastrinoma.” Also, endoscopic examination 
of the afferent limb may show the retained segment. 

The management of the marginal ulcer is based on recognizing and 
correcting the factor responsible for the recurrence. The factor(s) are 
often overlooked and may in fact be unknown. Therefore, in evaluating 
the patient with a postoperative recurrent ulcer, the investigation must 
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be complete. A format summarizing the steps in the evaluation of such 
a patient is given in Table 1. 


Treatment and Results 


NONSURGICAL TREATMENT. Less than a third of patients who have 
marginal ulcer and are treated with traditional medical management 
have had good results.* * 1! 16 52.59 Because of the consistently poor long- 
term results, medical (as opposed to surgical) approaches to marginal 
ulcers should be limited and reserved for cases which are very un- 
complicated and mild, or for those in which the surgical risk is prohibi- 
tive. Gastric irradiation occasionally can provide adequate palliation. 
The use of metiamide or cimetidine may be efficacious but data are not 
yet available in this regard. 

SURGICAL TREATMENT., Marginal ulcer almost always responds best 
to surgical treatment. The operation to be done depends on such consid- 
erations as the original surgical procedure, the condition of the patient, 
the extent and location of the ulceration involved, and the presence or 
absence of a specific ulcerogenic factor. A review analyzing the surgical 
results in over 3000 cases of marginal ulcer has recently been pub- 
lished.** 

It should be emphasized that the cause of ulcer recurrence in most 
patients is a failure in diagnosis, technique, or judgment. Most patients 
will have some inadequacy of their initial operation as the cause of their 
recurrence rather than an occult factor. 

Local excision of the ulcer, takedown, or establishment of a gas- 
troenterostomy, fistula excision, or other non-acid reducing procedures 
should not be used. Only acid and pepsin reducing procedures such as 
vagotomy, resection, or the combination of the two should be employed 
in the treatment of marginal ulcer. Our experience has shown that re- 
gardless of the initial operation, combinations of vagotomy and gastric 
resection have a lower second recurrence rate than do the same proce- 
dures used alone. 

In an individual patient, however, the initial procedure performed 
greatly influences the efficacy of each of the various re-operations for 
marginal ulcer. The most common initial procedures are discussed 
below. 

Recurrent Ulcer Following Gastroenterostomy. Although com- 
bined vagotomy and antrectomy should theoretically be the procedure of 
choice, a review of the literature shows that marginal ulcer has been 
treated best by a 70 per cent gastric resection alone.! 4! © 6 Vagotomy 
alone, since it may be inadequate, should be reserved only for high risk 
patients, those who are not hypersecretors, and those with uncompli- 
cated ulcers,® 11 33> 5! 64 66 or for those surgeons who have demonstrated a 
low incidence of inadequate vagotomy. 

Marginal Ulcer Following Partial Gastrectomy. Depending upon 
the adequacy of the original resection, vagotomy alone may be an effec- 
tive operation for marginal ‘ulceration following partial gastrectomy. 
Vagotomy and a re-resection is indicated only if the original resection is 
inadequate or if the ulcer diathesis is virulent.* *” ® 
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Recurrent Ulcer Following Vagotomy and Drainage. An antrec- 
tomy and a re-vagotomy is probably the best treatment in this in- 
stance.** 5% 6 If, however, the patient is a high risk with an uncompli- 
cated ulcer and one or more large residual vagal trunks are found, 
re-vagotomy alone may suffice. 

Marginal Ulcer Following Vagotomy and Resection. Most 
marginal ulcers after this procedure have been due to an incomplete 
vagotomy or an inadequate resection, and can be rectified by correcting 
the appropriate deficiency. 


Mortality and Morbidity 


The overall mortality rate is approximately 4 per cent. Some 4 to 10 
per cent of patients will have a second recurrence despite optimal man- 
agement. In selected instances a total gastrectomy may be required to 
arrest the ulcer diathesis. 
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The reflux of bile, pancreatic, and intestinal secretions into the 
stomach is frequently observed when the pyloric sphincter is resected, 
bypassed, or incompetent. Although reflux may occur in normal persons, 
it occurs more frequently after gastric surgery.* These secretions may 
be “innocuous” in some patients}® but in others a clinical syndrome of 
varying severity may develop. This has been called reflux gastritis,” bile 
gastritis, alkaline gastritis?4 or postoperative reflux gastritis.°° The term 
bilious vomiting’ has also been used but it is less accurate and descrip- 
tive of only one aspect of this syndrome. 

The syndrome is characterized by epigastric pain, weight ieee: 
nausea, vomiting of bile, and less frequently by iron deficiency anemia. 
Only recently have publications reviewed this syndrome,* !* 2?; 3% 5* but it 
was first described nearly 100 years ago. Bile vomiting following a gas- 
troenterostomy was noted by Wolfler in 1881°° and was again reported by 
Billroth in 1885 after a gastric resection.’ This apparently long delay in 
recognition was due to several reasons. First, since nausea and vomiting 
occur frequently after gastric surgery, little attention may have been 
given to these symptoms. Second, many surgeons included the symp- 
toms of reflux with other postgastrectomy sequelae. Only in the last 10 
to 15 years has reflux gastritis been accurately differentiated from 
marginal ulcer, the dumping syndrome, and the afferent loop syndrome 
so that accurate treatment could be given. 

This article reviews the incidence, etiology, diagnosis, and treat- 
ment of postoperative alkaline gastritis. 


INCIDENCE 


Large series of prospective endoscopic studies following gastric 
operations have not been done in asymptomatic patients. Therefore, 
there are no accurate data on the incidence of reflux. Palmer in 1954 
noted that 50 per cent of patients who underwent gastric surgery had 
endoscopic evidence of reflux.* Benedict in 1959 noted changes in the 
gastric mucosa due to reflux in 45 of 50 patients after gastric opera- 
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tions. Since reflux may not be uncommon after surgery three clinical 
situations may exist: (1) normal endoscopic examination, (2) endoscopic 
and histologic demonstration of gastritis with the clinical syndrome, and 
(3) endoscopic and histologic demonstration of gastritis without clinical 
symptoms. 

An estimated 5 to 35 per cent of postgastrectomy patients will have 
reflux gastritis or bile vomiting or both.” 


ETIOLOGY 


Experimental Studies 


Bile, or pancreatic or intestinal secretions alone or in combination 
have been incriminated in the development of reflux gastritis.” * 1) 1%!” 
20, 22.56 Much is based on experimental and clinical observations and con- 
troversy still exists as to which factor is most important. 

Many ingenious experiments and animal models have been studied 
to reproduce the features of reflux gastritis. Most investigators have 
used histologic changes in the gastric mucosa as the sole criterion. The 
clinical applications of these experiments are therefore limited because 
(1) symptoms may not be produced despite the histologic changes, and 
(2) many experiments have not been combined with vagotomy or resec- 
tion which is the usual setting for the development of reflux gastritis. 

Byers and Jordan in 1962’ interposed full thickness grafts from the 
canine stomach into the gallbladder. Despite bile flow over this mucosa, 
gastritis was not seen in biopsy specimens taken 1 to 12 months later. 
Belowski® noted peristomal gastritis when bile or pancreatic juice, or 
both, were in contact with the normal canine stomach. Lawson com- 
pared histologic changes following gastric resection with gastroduoden- 
ostomy and gastrojejunostomy.*® *8 After gastric resection and gastro- 
duodenostomy, microscopic changes were minimal and limited to the 
gastric mucosa around the anastomoses. After resection and gastroje- 
junostomy the changes were more severe and extended half way up the 
gastric remnant. The changes included atrophic gastritis at the antral 
fundic junction, epithelial proliferation in the fundus, and increased mi- 
tosis. Lawson then separated biliary and pancreatic secretions to study 
the effects of each on the gastric mucosa.*” In these experiments gastric 
resection was not done. Results showed minimal histologic changes 
with each secretion and maximal changes with both at 100 and 200 days 
after surgery. 

Several studies have isolated portions of the stomach on a vascular 
pedicle and interposed them in the jejunum.” ?! These grafts were 
then exposed to bile, pancreatic secretions, or upper intestinal secre- 
tions (including bile and pancreatic juice). Again, the greatest changes 
(only microscopic) occurred when the stomach mucosa was exposed to 
all secretions.*” ” The histologic changes included gastritis and a de- 
crease in the chief and parietal cells. 

In all animal experiments no clinical symptoms accompanied the 
histologic changes. Lawson then demonstrated that the histologic 
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changes could be reversed by diverting these secretions from the stom- 
ach? A Roux-en-Y anastomosis placed 60 cm from the gastric stoma 
was used. 


Clinical Studies 


Despite the limitations of experimental models, clinical evidence 
supports the existence of reflux gastritis as a distinct entity. Roux 
described relief of bile vomiting after construction of a Y anastomosis. 
In 1951 Wells and Johnson reported 21 cases of postgastrectomy prob- 
lems. Bile reflux and vomiting were prominent features in eight pa- 
tients.°’ They postulated that this was due to a kink or twist of the af- 
ferent limb where it joined the lesser curvature of the stomach. The 
vomiting itself was perhaps due to retraction or incompetence of the 
cardia. Relief was obtained by dividing the afferent limb and implanting 
it 25 cm distal to the stoma on the efferent limb. In 1962 duPlessis 
reported 12 cases of epigastric pain, bile vomiting, and atrophic gastritis 
that developed 2 to 23 years after gastric surgery.”4 In all 12 patients 
symptoms were relieved after construction of a Roux-en-Y anastomosis. 

A most unusual study was reported by Toye and Williams in 1965.*4 
A 56-year-old man had severe bile vomiting 8 years after a gastrc resec- 
tion; biliary colic and gallstones had developed. At the time of cholecys- 
tectomy, a tube was placed in the afferent limb and was used for 
subsequent infusions of saline or “bile” (actually bile, pancreatic, and 
duodenal secretions). After saline infusion, fullness was noted. When 
“bile” was infused, nausea and fullness were observed. The infusions 
were repeated with contrast material, and when the bile and radioo- 
paque mixture were infused the afferent limb was seen to empty into 
the stomach which then became dilated and did not empty immediately. 
Bile vomiting followed. This study refuted the then prevailing concept 
that bile vomiting was due to the afferent limb syndrome and sudden 
release of an afferent limb kink expulsed bile into the stomach.* Toye 
and Williams suspected the delayed gastric emptying was due to stasis 
induced by “bile in the stomach.” This was corrected by converting a 
Billroth II anastomosis to a Billroth I anastomosis and interposing an 
isoperistaltic jejunal segment. 


PATHOPHYSIOLOGY 


Despite the preceding clinical observations, our understanding of 
the pathophysiology of reflux gastritis is still not agreed upon. Obviously 
the presence of bile and the alkaline pH of the intestinal and pancreatic 
secretions incriminates these factors. 

Gastric aspirates contain bile in 60 per cent of normal persons, 89 
per cent of duodenal ulcer patients, and 97 per cent of gastric ulcer pa- 
tients.34 That bile and bile salts may be injurious to the gastric mucosa 
has been shown by several experiments. Davenport’s studies on the gas- 
tric mucosal barrier showed that the detergent actions of bile and bile 
salts could break the lipid membrane of gastric mucosal cells.'” '* These 
detergent properties are due to bile salts and lysolecithin. When this bar- 
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rier was broken, acid back diffused into the mucosal cell, and pepsin, so- 
dium, water, and protein diffused into the lumen from the cells. The 
increased concentration of the diffused hydrogen ion into the cell was 
followed by histamine release. This resulted in capillary dilatation, 
increased permeability, and gastric mucosal hemorrhage. 

The concentration of bile salts and bile acid conjugates in the gas- 
tric aspirate of patients with gastric ulcer is greater than in patients 
with duodenal ulcers or normal stomachs3* #7 Ivy et al.*? postulated that 
the high concentrations of bile salts in the stomachs of gastric ulcer pa- 
tients were responsible for the back diffusion of hydrogen ions leading 
to the development of gastritis or gastric ulcers. Bile salts may release 
gastrin from the gastric antrum:** Gastrin increases acid secretion 
which may be harmful particularly when the “barrier” is broken. Con- 
versely, gastrin is the trophic hormone to the gastric mucosa and 
increases the incorporation of protein into the mucosa.* It tightens the 
mucosal cell bridges and may prevent back diffusion of acid. Whether 
these effects of bile salts in man are pharmacologic or pathologic is 
unknown. However, the injurious effects of bile have prompted Silen to 
call it ‘“malevolent” gall.°? 

Other than histologic changes, information on the effects of pan- 
creatic juice and succus entericus on the gastric mucosa is limited.?” 3” 
Certainly the pH of the resected or vagotomized stomach may enhance 
proteolytic activity of pancreatic enzymes, but whether this does happen 
is speculative. : 

Little attention has been paid to the gastric mucosa, pepsin, and 
acid. Why severe and chronic histologic changes may exist without 
symptoms in some patients and why minimal histologic changes exist 
with severe symptoms in others is not known. Only recently have 
cellular enzymes and function been studied in the gastric mucosa.*! 
Another factor to consider is gastric stasis which may follow vago- 
tomy.’ This allows refluxed secretions to remain in contact with the 
gastric mucosa for long periods of time. Stasis may also allow over- 
growth of bacteria with deconjugation of bile salts. These products may 
be injurious to the mucosa. 

In most cases, the pathophysiology of reflux gastritis is due to many 
factors including bile acids and bile salts, pancreatic secretions, and 
succus entericus. These react on an altered gastric mucosa to produce 
gastritis. Continued exposure alters the gastric mucosal barrier to allow 
back diffusion of hydrochloric acid. For those few patients in whom the 
syndrome develops without previous surgery, abnormalities of the py- 
loric sphincter may be important, as has been proposed in the etiology of 
gastric ulcers.?® 7° 


CLINICAL PRESENTATION 


The triad of bile vomiting, epigastric pain unrelieved by antacids or 
foods, and weight loss is present in 70 to 95 per cent of patients. The 
onset from the the time of gastric surgery varies from 1 week to 45 
years. In a retrospective review of 119 patients with postgastrectomy 
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bile vomiting, Griffiths?” noted the onset of this in the first 3 months 
after surgery in 65 per cent of patients. Only 7 per cent had symptoms 
develop 4 or more years after surgery. Of interest was that 50 per cent of 
symptomatic patients had symptoms for at least 4 or more years before a 
correct diagnosis was made. Some have suggested a longer delay in 
presentation after gastroenterostomy than after gastric resection.® 
Whether this is due to a greater susceptibility of corpus or fundic 
mucosa or protection by an intact antral mucosa is not known. 

The epigastric pain is unrelieved by antacids or alkali and is thus 
differentiated from a marginal or duodenal ulcer. 

The weight loss varies but may be 60 or more pounds (27.3 kg.).3 *6 
This considerable loss is due to limited oral intake because of the ab- 
dominal pain and vomiting. 

Iron deficiency anemia caused by gastric hemorrhage has been 
emphasized by vanHeerden et al.** and by Mackman et al.*° The present- 
ing symptom of melena is usually due to blood loss through the gastric 
mucosa. Less commonly, hematemesis or even acute massive hemor- 
rhage may develop.*® Anemia may be present in 25 per cent of patients. 

Dysphagia is present in less than 12 per cent of patients.” This is 
usually due to esophageal changes secondary to reflux and inflamma- 
tion or subsequent stricture formation. An incompetent gastroeso- 
phageal sphincter mechanism, gastric stasis, and decreased gastroeso- 
phageal sphincter pressure may facilitate this reflux. 


Diagnosis 
When the diagnosis is suspected, endoscopy and barium roentgeno- 


graphy are done. Acid secretory studies may also be performed but these 
are not a specific diagnostic test. 


Endoscopy 


The definitive macroscopic diagnosis is made by endoscopic exami- 
nation of the stomach and anastomotic area. The changes are quite vari- 
able. A beefy red, edematous, hemorrhagic gastric mucosa that is bile 
stained is present in severe cases and edema and erythema is seen in 
less severe cases. At least one report has correlated the severity of the 
endoscopic findings to the clinical syndrome, but others have not com- 
mented on this or have found no correlation. It is important to observe 
whether these changes are on the gastric or intestinal side of the anas- 
tomosis. In marginal ulcer, the gross changes occur on the intestinal 
side of the anastomosis; in reflux gastritis the changes take place on the 
gastric side. 

An endoscopic biopsy of the most inflamed segment is performed. 
Microscopic findings will vary, depending on the severity and length of 
time the disease has been present. In mild cases chronic inflammatory 
changes, edema, and ulceration of the mucosal glands occur. Elongation 
and a corkscrew appearance of the mucosal glands as they extend to the 
lamina muscularis mucosa are seen (Fig. 1). In more severe cases gas- 
tric ulceration with exudate and polymorphonuclear cells on the muco- 
sal surface are seen, with a decrease in the number of chief and parietal 
cells (Fig. 2). The atrophic gastritis progresses and the mucosal cells ap- 
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Figure 1. Biopsy of reflux gastritis. Chronic active gastritis of moderate severity. The 
lamina propria is suffused with plasma cells, lymphocytes, and polymorphonuclear leuko- 
cytes. The gastric epithelium demonstrates mild dysplastic changes secondary to the inflam- 
matory process. Hematoxylin and eosin, 64. 


pear as large goblet cells of the intestinal mucosa. This is called intesti- 
nalization of the mucosa, and is characteristic of long-standing disease. 


Barium Studies 


Barium roentgenograms of the stomach are of limited value. They 
may reveal a large dilated, stomach due to a previous vagotomy or bile 
and intestinal secretions in the stomach. Rarely, a large gastric ulcer is 
demonstrated. Thorfinnson and Brow” reviewed 30 cases of reflux gas- 
tritis; ten had abnormal roentgenographic changes. These changes were 
nonspecific, enlarged folds in the gastric remnant with most severe 
change near the anastomosis. In most cases these enlarged folds were 
due to edema. In only one instance was a gastric ulcer detected. Barium 
contrast studies will also exclude mechanical obstruction of the afferent 
or efferent limb. 


Psychological Testing 


A recurring suspicion that anxious “neurotic” patients are prone to 
this disorder is noted in many papers, but whether this is anecdotal or 
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Figure 2. Biopsy of reflux gastritis. Superficial erosive gastritis with necrosis, hemor- 
rhage and acute inflammation. Hematoxylin and eosin, x64. 


factual is not known. Our evaluation does include a screening psycholo- 
gical test on all patients with postgastrectomy disorders. Of 17 patients 
who underwent psychological evaluation, abnormal tests were found in 
13.°° There was no correlation with the end result in the patients with 
abnormal tests as four of 13 had poor results. 


Acid Studies 


The diagnostic value of gastric acid determinations in this entity 
has not been shown. Diminished values (< 2 mEq per hr) may be due to 
(1) the previous gastric operation, (2) back diffusion of acid through the 
gastric mucosa, or (3) neutralization of gastric acid by the alkaline 
secretions. 

Most studies have shown hypochlorhydria or achlorhydria®® ** in 
basal and stimulated determinations. All the remedial operations for 
reflux gastritis are potentially ulcerogenic, and from a practical stand- 
point, adequate resections and vagotomies should be confirmed at 
surgery. 


MEDICAL TREATMENT 
Because the onset and course of reflux gastritis are unpredictable, 


the natural history of this disease is not known. Medical treatment has 
consisted of antiulcer regimens,*” cholestyramine,’ and occasionally me- 
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toclopramide’® and hyperalimentation.! Despite their limited value, med- 
ical treatment should be tried first. 


Antiulcer Regimen 


Although antacids and antispasmodics have been widely utilized, 
their role and effect remain questionable. Because the secretions are 
alkaline or neutral, and because stasis may also be present in the gastric 
remnant, antacids and anticholinergics have limited value. If hyperaci- 
dity does exist, a better rationale would exist for the use of these drugs. 
Aluminum hydroxide may increase the absorption of bile salts, and this 
drug in combination with cholestyramine may be of benefit,* 


Cholecystyramine (Questran) 


Cholestyramine is an ion exchange resin that directly binds bile 
salts in the intestinal lumen and decreases the bile salt and bile acid 
pool.2 The usual dosage has been a 4 gm packet 1 hour after meals and at 
bedtime. Ayuolo first suggested that this drug be used in postgastrec- 
tomy syndromes.? He described its value, particularly for diarrhea but 
did not expressly use it for bile vomiting. In 11 of 13 patients a good 
state of health returned. 

At least three papers have commented on the results of choles- 
tyramine in this disease. Eckstam et al. noted a good clinical response in 
ten of 20 patients in whom this drug was used.”° Herrington et al. noted 
a poor response in ten patients.*® At least one instance of symptomatic 
and histologic improvement has been recorded.** Most reports mention 
dissatisfaction or limited success with this drug. 


Metoclopramide 


Since gastric stasis due to a previous vagotomy or bile in the stom- 
ach may prolong the time that the refluxed secretions remain in contact 
with the gastric mucosa, some investigators have suggested using drugs 
which decrease the emptying time of the stomach.'® Metoclopramide 
acts directly on the antrum to promote smooth muscle contraction and 
decrease the emptying time. Its effectiveness and value have been 
emphasized by Davidson and Hersh. They demonstrated its salutory ef- 
fects in reflux gastritis; seven of 22 patients with reflux gastritis had 
stasis. The symptoms were not improved by a Roux-en-Y conversion 
until metoclopramide was added 


Parenteral Nutrition 


A trial of total parenteral nutrition to promote gastric healing was 
suggested by Anderson and Boyce’ to help differentiate this syndrome 
from other causes of pain including functional causes or anxiety. It has 
not gained widespread acceptance for this reason, but may be a valuable 
preoperative adjuvant for nutritional reasons. 


SURGICAL TREATMENT 


The variety of operations employed for reflux gastritis attest to the 
fact that this condition may be satisfactorily treated in several ways 
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OPERATIONS PRODUCING REFLUX GASTRITIS 


VAGOTOMY 
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Figure 3. Operations that produce and correct reflux gastritis. 


(Fig. 3). The two operative principles are (1) the upper intestinal, biliary 
and pancreatic secretions should be diverted from the stomach into the 
jejunum, and (2) marginal ulcers should not develop because of this 
diversion. Four operations have been employed, three of which are satis- 
factory. These are shown in Figure 4. They are (1) an entero-enteroanas- 
tomosis, (2) a Tanner procedure, (3) an interposed isoperistaltic jejunal 
segment (Henle loop), and (4) conversion to a Roux-en-Y anastomosis. 
Trial and error has shown that an entero-entero-anastomosis is unsatis- 
factory because the secretions are not totally diverted from the stomach. 
In our series only two of four patients were relieved with enteroanas- 
tomosis. I prefer the Roux-en-Y conversion. I use a stapling instrument 


TANNER 19 
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Figure 4. Operations used to correct reflux gastritis. 
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to further simplify this operation. The afferent limb is stapled and divided 
and imbricated at the gastric junction. ; 

How far from the gastric stoma should the anastomosis be made? 
There are many opinions on this. Wells and Johnsor’® used a distance of 
25 cm with good results. The distance from the stomach has varied 
from 10 to 75 cm. Varying enthusiasm for each distance has been 
reported. At least one instance of recurrent bilious vomiting has been 
reported when a 10 cm distance has been used. I prefer a distance of at 
least 60 cm. The reasons are twofold: first, 60 cm has proven satisfac- 
tory by clinical and endoscopic studies; second, this is the length of a 
“silk tie’ found in the operating room. 

To avoid a marginal ulcer, a vagotomy must be done or two-thirds of 
the stomach resected. In patients who have had a previous pyloroplasty, 
one can transect the duodenum distal to the pylorus and place an inter- 
posed jejunal limb between the duodenum and stomach or close the 
duodenum and drain as a Roux-y. I have had one instance in which the 
edematous antral mucosa prolapsed and obstructed the anastomosis. 
Most authors have advocated antrectomy in this instance, not only to 
avoid this rare complication, but because it is an effective antiulcer 
operation as well. 


Results of Surgery 


That complete diversion of bile, pancreatic, and upper intestinal 
secretions is followed by symptomatic relief.and histologic evidence of 
healing has been shown by several studies.* 1% 11; 19 22; 30, 35, 39, 46, 54.56 The 
type of diversion is of less importance than the principle followed. The 
results of surgery are summarized on Table 1. After surgery, a variable 
weight gain is observed. Evaluating the success of these procedures has 
been difficult because the criteria are often subjective and the follow-up 
periods are often not stated or are relatively short. 

Our data have been less optimistic because many patients with 
reflux gastritis had associated postgastrectomy symptoms. These per- 
sisted after surgery and limited the success of surgery. Of 35 patients 
treated by Roux-en-Y anastomoses, six had poor results. Although all 
had relief of bilious vomiting, continued abdominal pain, diarrhea, and 
dumping marred this improvement. To further confuse evaluation, good 
results have been reported even though bile has been seen in the stom- 
ach after a 75 cm Roux-en-Y loop was constructed.” 


Histologic Examination 


Nearly all reports that have compared preoperative and postopera- 
tive biopsy specimens have shown significant improvement after 
surgery. Improvement occurs as early as 1 week postoperatively, al- 
though histologic evidence of healing may continue for months. As the 
gastric mucosa becomes normal its secretory function returns to normal 
as well. Achlorhydria and hypochlorhydria revert to normosecretion 
after corrective surgery.*® 
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SUMMARY 


1. The syndrome of reflux gastritis is produced by the actions of bile and 
upper intestinal and pancreatic secretions alone or in combination on an 
altered gastric mucosa. 

2. The triad of epigastric pain unrelieved by antacids, bilious vomiting, and 
weight loss, particularly after a gastric operation should make one suspect 
this syndrome. Anemia due to loss of blood and dysphagia occur less fre- 
quently. 

3. The definitive diagnosis is made by endoscopy. Barium studies are of less 
value. Acid secretory studies are not diagnostic and are of academic interest. 

4. Medical treatment utilizes antacids and cholestyramine alone or together. 
Good, long-lasting results with these are infrequent. Despite these results, 
medical treatment should be tried first. 

5. Surgical treatment consists of diversion of the biliary and upper intestinal 
secretions from the stomach and doing a vagotomy with or without a distal 
gastric resection to prevent a marginal ulcer from developing. 

6. The two most popular operations are a Roux-en-Y diversion or interposed 
peristaltic jejunal limb. The simplicity of the former has made this more 
popular with most American surgeons. 

7. The results of surgery are good to excellent in 75 to 95 per cent of cases. Re- 
lief of symptoms, improvement in histologic and secretory studies, and 
weight gain should be anticipated. 

8. Less than optimal results are reperted when the surgical diversion has not 
been total, gastric stasis persists, or other postgastrectomy sequelae accom- 
pany reflux gastritis. 
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Symposium on Peptic Ulcer Disease 


Postvagotomy Diarrhea 


Edward H. Storer, M.D.* 


A change in bowel habit occurs in about two-thirds of patients after 
truncal vagotomy. Many are pleased with the change from preoperative 
constipation to one or two soft stools daily. Others are bothered for a 
time by more frequent stools, but in most this gradually subsides so that 
by 3 months, it is no longer a problem. In a few patients, the diarrhea 
does not subside and they consider the operation a failure even though 
the ulcer has been cured. 

Chronic postvagotomy diarrhea occurs in two forms—continuous, 
and episodic. In the continuous form, the patient essentially never has 
normal bowel function but passes only many watery stools daily. Some 
weight loss is the rule. In the more common episodic form diarrhea at- 
tacks recur at intervals of days or weeks, with normal bowel function in 
the interim. During the attacks there is characteristically extreme 
urgency and sometimes incontinence. Since the onset of the attacks is 
sudden and unpredictable, this is a serious economic and social handi- 
cap. The episodic form is associated with dumping in about one-half of 
patients. Weight loss is uncommon. 


HISTORY 


Dragstedt and associates’ first called attention to postvagotomy al- 
teration in bowel habit in 1947. Their first patients had undergone 
transthoracic vagotomy without a drainage procedure. Twenty-five of 61 
patients so treated had a change in bowel habit but in 18 the effect was 
slight and transitory. In seven patients, moderately severe diarrhea con- 
tinued for up to 5 weeks after the operation. Dragstedt and associates 
speculated that removal of the antiseptic action of the free acid of the 
gastric juice probably made these patients more susceptible to diarrhea 
of bacterial origin. They also noted a correlation between gastric reten- 
tion and diarrhea, and as further evidence on this point stated that in 
their 64 patients with duodenal ulcer in whom an abdominal vagotomy 
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plus gastroenterostomy was performed, slight and transitory diarrhea 
was encountered in only four patients. As the popularity of vagotomy 
rapidly spread, it quickly became obvious that patients with vagotomy 
plus gastrojejunostomy were also subject to severe diarrhea. It is now 
recognized that any surgical intervention on the stomach -— pyloroplasty 
or gastrojejunostomy with or without vagotomy; resection, either 
Billroth I or Billroth II, with or without vagotomy; truncal, selective or 
parietal cell vagotomy—may be followed by diarrhea. The incidence 
however is different with different procedures and sheds some light on 
the cause(s) of the diarrhea. 


INCIDENCE 


The incidence of diarrhea after, truncal vagotomy has been reported 
to be from 2 to 68 per cent.'” Lack of a useful, widely accepted definition 
of what constitutes diarrhea prébably is more responsible for such 
variability than any great difference in incidence. For example, Harkins’ 
group reported in 1963 an incidence of diarrhea of 68 per cent.’ Of this 
report, Nyhus said recently “We obviously overinterpreted ‘change in 
bowel habit’ as diarrhea.’’?! 

The Leeds/York trial of elective surgery for duodenal ulcer provided 
some interesting comparative data for three different ulcer operations.” 
Five to 8 years after operation, 21 per cent of patients with gastroen- 
terostomy and truncal vagotomy had mild to moderate diarrhea and 5 
per cent severe diarrhea; after vagotomy and antrectomy, 20 per cent 
had mild to moderate and 3 per cent severe diarrhea; after subtotal gas- 
trectomy, 5 per cent had mild to moderate and 1 per cent severe diar- 
rhea. Goligher defined the mild to moderate diarrhea as ‘mild and 
episodic and certainly imposed no real inconvenience.” Of the severe 
classification he stated that because it was episodic and lasted for a day 
or so every 3 or 4 weeks, it only occasionally proved a handicap, depend- 
ing on the patient’s occupation. 

If a more stringent definition of severe diarrhea is used, the in- 
cidence is much lower. McLoughlin et al.?° studied 2058 patients who 
had undergone truncal vagotomy in the Merseyside Regional Health Au- 
thority area. They defined severe diarrhea as the persistent passage of 
six or more bowel actions per day associated with urgent desire to 
defecate and the passage of unformed stools. Only 14 patients met these 
criteria—an incidence of 0.7 of 1 per cent. Herrington et al.,!* in their 
personal series of over 3500 truncal vagotomies, found only four pa- 
tients in whom the diarrhea was sufficiently severe to warrant an at- 
tempt at operative correction. 

Many authors have found that diarrhea is less frequent after selec- 
tive vagotomy than after truncal vagotomy. Johnston et al.” collected 13 
reports from the literature that compared the two procedures. Twenty- 
four and six-tenths per cent of 1130 truncal vagotomy patients had diar- 
rhea; 12.3 per cent of 790 selective vagotomy patients had diarrhea. 
They also reported on the incidence of diarrhea in their study at 
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Leeds/York of three types of vagotomy. At the one-year follow-up, diar- 
rhea was recorded in 24 per cent of patients after truncal vagotomy and 
pyloroplasty, in 18 per cent after selective vagotomy and pyloroplasty, 
but in only 2 per cent of patients after highly selective vagotomy 
without a drainage procedure. 


PATHOPHYSIOLOGY 


Bacterial colonization of the upper small intestine after vagotomy 
was suggested by Dragstedt and Woodward" in 1951 as a possible etiol- 
ogy of postvagotomy diarrhea. More recently, because of their known as- 
sociation with the steatorrhea of the blind loop syndrome, the fecal type 
of anaerobic organisms has become suspect. Bacteroides has been the 
prime suspect because of the ability of this organism to deconjugate bile 
salts. 

Many patients with postvagotomy diarrhea have been treated with 
antibiotics to no avail, in contrast to the marked benefit of antibiotic 
therapy in the blind-loop syndrome. Also, there is no correlation between 
the incidence of postoperative achlorhydria and diarrhea—many pa- 
tients with achlorhydria have no diarrhea. Browning, Buchan, and 
MacKay’ studied the bacterial flora of the upper small intestine of 32 pa- 
tients with diarrhea 4 years following truncal vagotomy and drainage. A 
comparison was made with 24 comparable patients without postva- 
gotomy diarrhea. The incidence of bacterial colonization of the upper 
small intestine was no different in the two groups. It seems unlikely 
that bacterial colonization plays a major role in the postvagotomy diar- 
rhea of most patients but has been implicated recently in postvagotomy 
patients with previously unsuspected immune deficiencies. McLoughlin 
et al.2° found six such patients in their study of 2058 truncal vagotomy 
patients. These six patients had no measurable serum levels of IgA, had 
chemical evidence of malabsorption, normal jejunal biopsies, and heavy 
growth of both aerobic and anaerobic organisms on culture of jejunal 
aspirate. 

Structural abnormalities of the intestinal mucosa resulting from 
vagal denervation that might cause malabsorption and diarrhea have 
been diligently searched for by many investigators. Though Ballinger et 
al. found villus atrophy in dogs after vagotomy, similar changes are not 
demonstrable in man with postvagotomy diarrhea—their mucosae are 
normal.‘ There are, however, several case reports of patients in whom 
nontropical sprue has been unmasked by vagotomy. They have villus at- 
rophy and when put on a gluten-free diet become symptom-free. Such 
patients are the exception, not the rule, in postvagotomy diarrhea. 

Lactose intolerance also accounts for a few patients with postva- 
gotomy diarrhea. Intestinal lactase normally hydrolyzes ingested lactose 
into its constituent monosaccharides, glucose and galactose. With intes- 
tinal lactase deficiency, unhydrolyzed lactose within the bowel exerts an 
osmotic effect resulting in abdominal distention, cramps, and diarrhea. 
There is some evidence that gastric operations may reduce intestinal 
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lactase activity.'4 Condon, Westerholm, and Tanner® examined 50 pa- 
tients who developed various combinations of milk intolerance, dump- 
ing and diarrhea after partial gastrectomy or vagotomy with drainage. 
Eight of the 50 did have lactose malabsorption and responded to a 
lactose-free diet. 

Division of the parasympathetic nerve supply to the pancreas might 
be expected to diminish the exocrine response of that gland, with faulty 
digestion and steatorrhea. There is little evidence, however, that diges- 
tion and absorption are interfered with sufficiently to be of clinical im- 
portance. If steatorrhea is defined as fecal excretion of more than six 
grams of fat daily, then a considerable number of patients has stea- 
torrhea after gastric surgery.'!2 But such minimal steatorrhea is of no 
consequence and occurs independently of diarrhea — the same number of 
completely asymptomatic patients have borderline steatorrhea as do pa- 
tients with postvagotomy diarrhea.'® 

Vagal denervation of the stomach destroys the fine control of gastric 
emptying. Solids empty more slowly than normal but fluids or fluid-solid 
mixtures rapidly empty into the intestine. This is equally true for trun- 
cal or selective vagotomy with a drainage procedure. Parietal cell va- 
gotomy by virtue of retained antral innervation and the absence of a 
drainage procedure preserves a more normal pattern of gastric empty- 
ing. Although postoperative changes in the direction of more rapid gas- 
tric emptying and small-bowel transit are much less pronounced after 
parietal cell vagotomy than after truncal or selective vagotomy with a 
drainage procedure, such changes do still occur. 

Johnston et al.!7 administered a hypertonic glucose test meal to 
preoperative duodenal ulcer patients and to patients who had undergone 
the three types of vagotomy. Diarrhea was provoked in none of the 
preoperative patients, in 13 per cent of those who had undergone parie- 
tal cell vagotomy without a drainage procedure, in 60 per cent of those 
who had undergone selective vagotomy and pyloroplasty, and in 67 per 
cent of the patients who had undergone truncal vagotomy and pyloro- 
plasty. 

McKelvey” treated 16 patients with postvagotomy diarrhea with 
low-fluid meals, with the consumption of fluids between meals. With a 
mean follow-up of 9 months, 14 of the 16 had their diarrhea controlled 
or improved. 

The loss of control of the gastric emptying of fluids may explain the 
difference in the incidencé of diarrhea between parietal cell vagotomy 
and the other two types of vagotomy but does not explain the different 
incidence between selective and truncal vagotomy. Vagal innervation of 
the biliary tract may be the difference. This innervation is preserved in 
selective vagotomy but divided in truncal vagotomy. 

The late Harold Burge and associates* evaluated symptoms in 100 
patients after truncal vagotomy, in 73 patients in whom an attempt was 
made to do a vagotomy and leave intact the celiac division of the poste- 
rior vagus, and in 100 patients in whom the hepatic branch of the an- 
terior vagus as well as the celiac branches of the posterior vagus were 
left intact. Those with an intact hepatic branch had a decreased in- 
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cidence of postvagotomy diarrhea. The reason was not apparent at that 
time. 

Since excessive amounts of dihydroxy bile acids in the colon are 
known to stimulate water and electrolyte secretion and cause diarrhea, 
Allan et al.! evaluated their possible role in postvagotomy diarrhea. The 
fecal excretion of bile acids were measured in patients with severe, con- 
tinuous postvagotomy diarrhea, patients with vagotomy and drainage 
operations but no diarrhea, and in normal control subjects. The bile acid 
secretion, particularly the hydroxy, were markedly higher in the diar- 
rhea group than in the control group. Allan and Russell? subsequently 
carried out a double-blind controlled trial of cholestyramine, a bile acid- 
binding resin, in the treatment of postvagotomy diarrhea. Sixteen pa- 
tients with severe continuous postvagotomy diarrhea received either 4 
grams of cholestyramine per day for 2 months ora placebo for a similar 
time. A significant improvement was recorded in the eight patients 
receiving cholestyramine, but no overall improvement was observed in 
the placebo group. 

Condon et al.’ have successfully treated six patients with watery 
postvagotomy diarrhea with cholestyramine. The diarrhea responded 
completely to therapy, during which the stool content of water, sodium, 
potassium, and magnesium fell. Condon feels the mechanism of diar- 
rhea is division of the hepatic fibers of the vagus resulting in a large 
flabby distended gallbladder, contraction of which expels increased 
quantities of bile salts, which swamp the resorptive capacity of the small 
intestine and induce diarrhea by direct action on the colon. He suggests 
that cholecystectomy, by preventing large quantities of concentrated 
bile salts from suddenly entering the gut, might improve postvagotomy 
diarrhea. 

The bile salts mechanism may explain the difference in incidence of 
diarrhea after truncal vagotomy and selective vagotomy which pre- 
serves the fibers to the biliary tract. Further work is needed. 


PROPHYLAXIS AND MANAGEMENT 


Prior to any elective ulcer operation the patient should be ques- 
tioned closely concerning his bowel habits in an attempt to uncover bor- 
derline cases of lactose intolerance, gluten enteropathy, or IgA defi- 
ciency. If any of these is suspected, a work-up should be done; and if 
found, proper treatment instituted prior to operation. In patients with 
questionable need of an operation, the presence of gluten enteropathy or 
IgA deficiency would probably warrant deferring the operation. 

Diarrhea occurs so commonly in the early postoperative period but 
is so commonly self-limited that efforts to discover the cause are usually 
not indicated. It is probably worthwhile however to advise postvagotomy 
patients to take their meals without supplemental fluids and to consume 
liquids between meals. Some surgeons do this routinely in all va- 
gotomized patients. Symptomatic therapy such as lomotil, codeine, or 
paregoric is often helpful. 
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If the diarrhea persists beyond about 6 weeks and is a problem to 
the patient, a diarrhea work-up is in order. Since about one-half of post- 
vagotomy patients with diarrhea have it in association with early dump- 
ing, this should receive attention first. The history alone often suffices 
for diagnosis but may need confirmation with upper gastrointestinal 
series and a provocative glucose meal. Symptoms of dumping with diar- 
rhea and of diarrhea alone due to gastric incontinence but without 
dumping symptoms per se may be elicited by the glucose test meal. The 
management of dumping is discussed elsewhere in this symposium. 

Next, the specific causes of diarrhea such as lactose intolerance, 
gluten enteropathy, and IgA deficiency should be evaluated even though 
this has been done preoperatively (v.s.). 

Subclinical lactase deficiency may become apparent postoperatively 
because the rate of delivery of lactose into the bowel is an important de- 
terminant of the severity of symptoms.’ Thus, with a postoperative 
stomach that is incontinent of fluids the ingested sugar is dumped into 
the small intestine faster than the disaccharidases can handle it. Most 
lactase deficient patients can relate ingestion of dairy products, particu- 
larly milk, to some combination of the following symptoms: nausea, ab- 
dominal bloating, cramps, flatulence, and diarrhea. In some patients 
symptoms are obscure or even absent and an oral lactose tolerance test 
is necessary for diagnosis. One hundred grams of lactose is given orally 
and the blood glucose determined as for an oral glucose tolerance test. 
Normally, digestion and absorption will lead to the same rise in blood 
glucose as will the ingestion of an equivalent amount of glucose or 
galactose. If the blood glucose does not increase more than 20 mg per 
100 ml per cent following the ingestion of 100 gm of lactose, this flat 
lactose tolerance curve ordinarily represents lactase deficiency. If gas- 
tric emptying is slow, however, this may interfere with the diagnostic 
accuracy of the test and the test should be done by infusing 30 gm of lac- 
tose in 300 ml of water into the duodenum in 30 minutes. Symptomatic 
improvement can be expected when the offending lactose is removed 
from the diet. Often withdrawal of milk alone suffices; if not, then all 
dairy products should be eliminated from the diet. 

Gluten enteropathy or celiac sprue (and many other names) may 
also be unmasked by gastric surgery, though on close questioning an an- 
tecedent history of occasional loose bowel movements can usually be 
elicited. Three criteria should be met to establish a definite diagnosis: 
evidence of malabsorption; an abnormal jejunal biopsy showing blunt- 
ing and flattening of the villi as well as changes in the surface epithe- 
lium; clinical, biochemical and histologic improvement after institution 
of a gluten-free diet. It should be stressed to the patient that strict ad- 
herence to the diet is essential—even occasional minor transgressions 
are unacceptable. 

If during the work-up of a patient with postvagotomy diarrhea a 
deficiency of serum globulins is found, this finding alone does not con- 
stitute a diagnosis of the diarrhea—less than one-half of patients with 
globulin deficiencies have any gastrointestinal abnormalities. Jejunal 
biopsy in symptomatic IgA deficiency is usually essentially normal but 
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may be flattened and resemble celiac sprue. The number of plasma cells 
is usually markedly reduced. Culture of the jejunal aspirate is essential 
to the diagnosis and in symptomatic patients should yield a heavy 
growth of aerobic and anaerobic organisms, and the urinary indican 
secretion is also markedly elevated. Treatment is with oral antibiotics. 
Injections of gamma globulin or fresh plasma may also be helpful. Some 
respond to a gluten-free diet. 

Choleric enteropathy, attributable to the overly rapid passage of 
small bowel contents into the colon or to abrupt discharge of an abnor- 
mally large amount of concentrated bile from a distended gallbladder 
into the intestine, is thought to play a role in some patients with post- 
vagotomy diarrhea. Diagnosis of this entity by quantitative analysis of 
the stools for bile acids is not practical in the usual hospital setting. 
Thus a diagnostic-therapeutic trial of cholestyramine, an exchange resin 
that binds bile acids is in order. Questran, 9 gm containing 4 gm of 
cholestyramine resin, is given three times daily, before meals. If cho- 
leric enteropathy is indeed the problem, amelioration of symptoms 
should occur within 2 weeks. 

If all the above have been tried to no avail and the patient is still in- 
capacitated by postvagotomy diarrhea, then an operation might be con- 
sidered. There are anecdotal reports of patients who have been benefit- 
ted by changing a gastrojejunostomy to a pyloroplasty. It is difficult to 
see how this could be of significant value, however (for diarrhea that is, 
not dumping) and cannot be recommended 

Craft and Venables,? and independently at about the same time, 
Herrington et al.'° have recommended reversal of a loop of jejunum for 
severe, unremitting, incapacitating postvagotomy diarrhea which has 
not responded to conservative therapy. Craft and Venables report on one 
patient, and Herrington et al. on seven patients in whom this was done. 
All eight patients were relieved of symptoms and continued to do well 
from 3 to 27 months after the reversal operation. The recommended 
length of jejunal segment to be reversed is 10 to 15 cm, and is best 
placed from 50 to 100 cm distal to the ligament of Treitz. If early dump- 
ing syndrome is the problem and the diarrhea only an associated symp- 
tom, then the reversed loop should be interposed between gastric rem- 
nant and duodenum. 

Parietal cell vagotomy has been billed as the “vagotomy without di- 
arrhea.’”” If it also proves to be the vagotomy without recurrent ulcers 
then it should be the procedure of choice as far as the prevention of the 
complication of postvagotomy diarrhea is concerned. In the meantime, 
selective vagotomy should ordinarily be preferred to truncal vagotomy 
since the selective is followed by diarrhea only one-half as often and is 
at least as good on all other counts. 


REFERENCES 


1. Allan, J. G., Gerskowitch, V. P., and Russell, R. I.: A study of the role of bile acids in the 
pathogenesis of post-vagotomy diarrhea. Gut, 14:423, 1973. 

9. Allan, J. G., and Russell, R. I.: Double-blind controlled trial of cholestyramine in the 
treatment of post-vagotomy diarrhea. Gut, 16:830, 1975. 


1468 Epwarp H. STorER 


3. 


20. 


21. 


Ballinger, W. F., II., lida, J., Aponte, G. E., et al.: Structure and function of the canine 
small intestine following total abdominal vagotomy. Surg. Gynec. Obstet., 118:1305, 
1964. 


. Bejar, J., Broitman, S. A., and Zamcheck, N.: Effect of vagotomy upon the small intes- 


tine. Gut, 9:87, 1968. 


. Browning, G. G., Buchan, K. A., and MacKay, C.: Clinical and laboratory study of post- 


vagotomy diarrhea. Gut, 15:644, 1974. 


. Burge, H. W., Rizk, A. R., Tompkin, A. M. B., et al.: Selective vagotomy in the prevention 


of post-vagotomy diarrhea. Lancet, 2:897, 1961. a 


. Condon, J. R., Robinson, V., Suleman, M. I., et al.: The cause and treatment of post-vago- 


tomy diarrhoea. Br. J. Surg., 62:309, 1975. 


. Condon, J. R., Westerholm, P., and Tanner, N. C.: Lactose malabsorption and postgas- 


trectomy milk intolerance, dumping, and diarrhoea. Gut, 10:311, 1969. 


. Craft, I. L., and Venables, C. W.: Antiperistaltic segment of jejunum for persistent diar- 


rhea following vagotomy. Ann. Surg., 167:282, 1968. 


. Dragstedt, L. R., Harper, P. V., Jr., Tovee, E. B., and Woodward, E. R.: Section of the 


vagus nerves to the stomach in the treatment of peptic ulcer. Complications and end 
results after four years. Ann. Surg., 126:687, 1947. 


. Dragstedt, L. R., and Woodward, E. R.: Appraisal of vagotomy for peptic ulcer after seven 


years. J.A.M.A., 145:795, 1951. 


. Edwards, J. P., Lyndon, P. J., Smith, R. B., and Johnston, D.: Faecal fat excretion after 


truncal, selective, and highly selective vagotomy for duodenal ulcer. Gut, 15:521, 1974. 


. Goligher, J. C.: The comparative results of different operations in the elective treatment 


of duodenal ulcer. Br. J. Surg., 57:780, 1970. 


. Gryboski, J. D., Thayer, W. R., Jr., Gryboski, W. A.: A defect in disaccharide metabolism 


after gastrojejunostomy. N. Eng. J. Med., 268:78, 1963. 


. Harkins, H. N., Stavney, L. S., Griffith, C. A., et al.: Selective gastric vagotomy. Ann. 


Surg., 158:448, 1963. 


. Herrington, J. L., Jr., Edwards, W. H., Carter, J. H., and Sawyers, J. L.: Treatment of 


severe post-vagotomy diarrhea by reversed jejunal segment. Ann. Surg., 168:522, 
1968. 


. Johnston, D., Humphrey, C. S., Walker, B. E., et al.: Vagotomy without diarrhea. Br. Med. 


Jo3188, 1972: 


. Logan, H.: Steatorrhea and diarrhoea after vagotomy: a comparison of drainage proce- 


dures. Gut, 5:188, 1964. 


. McKelvey, S. T. D.: Gastric incontinence and post-vagotomy diarrhea. Br. J. Surg., 


57:741, 1970. 

McLoughlin, G. A., Chapman, D. M., Hede, J. E., et al.: IgA deficiency and severe post- 
vagotomy diarrhea. Lancet, 1:168, 1976. 

Nyhus, L. M.: Two decades of gastrointestinal research. Am. J. Surg., 131:3, 1976. 


Chief, Department of Surgery 
Veterans Administration Hospital 
West Haven, Connecticut 06516 
End of Art 18 


Symposium on Peptic Ulcer Disease 


Stress Ulcers: Their Pathogenesis, 
Diagnosis, and Treatment 


Frank G. Moody, M.D.,* and Laurence Y. Cheung, M.D.t 


Erosions of the gastroduodenal mucosa may occur acutely after 
major physical or thermal trauma, shock, sepsis, head injury, or the 
ingestion of a variety of chemical agents, such as aspirin and alcohol. It 
is customary to designate such lesions by the term “stress ulcers.” Since 
acute ulcers have different morphologic characteristics, clinical mani- 
festations, and underlying pathogenesis, it is helpful to consider their 
presence in the context of the clinical setting in which they occur. In 
this scheme, stress ulcers secondary to shock or physical trauma can be 
distinguished from those which follow head injury (Cushing’s ulcer), 
burn (Curling ulcer), or drug ingestion (erosive gastritis). Superficial 
gastric erosions that occur after severe trauma, major operations with 
complications, or prolonged medical illness, usually occur in the fundus 
and body of the stomach. They are superficial and multiple with no evi- 
dence of chronicity. Cushing’s ulcer, which occurs with intracranial 
tumor, head injury, or after cranial surgery, may involve esophagus, 
stomach, and duodenum. In contradistinction to other forms of erosive 
gastritis, acid secretion is usually high, possibly as a consequence of rise 
in intracranial pressure. Erosive gastritis induced by alcohol, aspirin, 
and other irritants, is exceedingly common as recognized by current 
frequent use of gastroscopy. In this review we will examine the evolv- 
ing body of knowledge which provides insight into the etiology of stress 
erosions with the expectation of providing a better understanding of its 
pathogenesis and a more rational basis for the early recognition, treat- 
ment, and prevention of this serious condition. 


INCIDENCE 
Severely injured patients with multiple trauma are at high risk for 


developing erosive gastritis. Most clinical studies which do not employ 
routine endoscopy probably underestimate the incidence of this disease, 
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since its recognition requires gastrointestinal bleeding or perforation. 
Lucas et al.24 have shown by gastroscopy that the incidence of stress 
ulcer in 40 severely injured patients was 100 per cent. Ina similar study 
at the Brooke Army Surgical Research Institute’ of 29 patients with 
major burns, gastric erosions were found in 27 by sequential endoscopic 
examination. The majority of these patients had lesions within 72 hours 
after burn. Fortunately, only a small number of these patients demon- 
strated significant gastrointestinal hemorrhage. This low incidence of 
clinically detectable bleeding relates to the superficial nature of early 
lesions. As they penetrate deeper into the mucosa as a function of time, 
however, massive life-threatening hemorrhage becomes an all too 
frequent occurrence. 


PATHOGENESIS 


While the precise mechanisms involved in the development of 
stress ulcers are unknown, current evidence supports a multifactorial 
etiology. The following discussion will focus on our current hypothesis 
based on recent experimental observations. 


The Presence of Luminal Acid 


Hypersecretion of acid is an unlikely cause except in the pathogen- 
esis of Cushing’s ulcer. In fact, acid secretion has been normal or even 
low in most other forms of stress ulcer. On the other hand, it can be 
stated with certainty that some hydrogen ions are necessary for the de- 
velopment of stress ulcers, because all experimental models of this entity 
require a low gastric luminal pH.®* *”»?” The “no acid-no ulcer” dictum 
implied by this important piece of knowledge has led to the concept that 
buffering of intragastric contents may prevent post-traumatic erosive 
gastritis. There is an accumulating body of knowledge to support this 
point of view. 


Ischemia 


Clinically, most patients who develop stress ulcers have experi- 
enced shock from hemorrhage, sepsis, or cardiac dysfunction. Dimin- 
ished mucosal blood flow is a common denominator in animal experi- 
ments which employ restraint, hemorrhage, or endotoxemia for 
production of erosive gastritis. Therefore, a decrease in mucosal blood 
flow seems to be a common manifestation during the developmental 
phase of these types of erosions. The focal nature of such lesions has 
suggested that decrease in mucosal perfusion may be the result of open- 
ing of submucosal arteriovenous shunts. This concept has recently been 
challenged by both histologic studies and quantitative measurements of 
mucosal blood flow.'* 21 Guth and Smith?! failed to demonstrate sub- 
mucosal arteriovenous shunts during normal, sympathetic nerve stimu- 
lation in rats. By using #K, Delaney and Grim" demonstrated that no 
more than 1 to 2 per cent of gastric blood flow passes through ar- 
teriovenous shunts in normal dogs. They have further shown that this 
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was not significantly changed during induced variation of blood flow by 
vasoactive drugs.’ Recently Archibald et al. have confirmed this finding 
with radioactive microspheres in dogs under normal conditions and in- 
fusion of isoproterenol. Lastly we have demonstrated that there was no 
significant AV shunting during E. coli endotoxin infusion and hemor- 
rhagic shock.® All of these data indicate that arteriovenous shunting is 
unlikely to play a significant physiologic role in the development of 
mucosal ischemia. The decrease in flow observed during hemorrhagic 
shock and endotoxemia is, therefore, a consequence of a restriction in 
blood flow to all layers of the gastric wall. Menguy and his colleagues”é 
provide evidence that shock-induced ischemia results in profound de- 
crease in gastric mucosal energy metabolism. The extraordinary vulnera- 
bility of gastric mucosal energy metabolism results from the tissue’s 
lack of glycogen and its relative inability to utilize anaerobic glycolysis 
as an alternate source of energy. They propose that the decrease in 
energy metabolism in the gastric mucosa is the cause of rapid cellular 
necrosis occurring in this tissue during hypovolemic shock. 


Gastric Mucosal Permeability 


Exposure of gastric mucosa to alcohol, aspirin, and a variety of 
other substances known as barrier breakers, results in increased back- 
diffusion of hydrogen ions and disruption of the mucosal surface.» ? 
Ingestion of these substances is also associated with a high incidence of 
erosive gastritis. The mechanism of even this flagrant form of ul- 
cerogenesis is unknown, but may relate to a rapid change in mucosal in- 
tracellular pH or osmolarity, or may be the consequence of loss of sur- 
face taxis, or biochemical events within the lamina propria beneath the 
surface epithelial cells.*? It has been suggested that cause-effect rela- 
tionships exist between ischemia and disruption of the mucosal barrier. 
However, disruption of the gastric permeability barrier by aspirin, bile 
salts, and alcohol does not cause mucosal ischemia. In fact, we have 
shown that mucosal blood flow measured by gamma-labeled micro- 
spheres actually increases under such circumstances.? On the other 
hand, ischemia following hemorrhagic shock in dogs?’ and in subhuman 
primates,*! and administration of vasopressin in dogs does not render 
the mucosa more permeable to secreted acid.’ 18 We have also reported 
that intra-arterial infusion of E. coli endotoxin® does not disrupt the 
mucosal barrier in spite of development of gastric erosions. These obser- 
vations indicate that general disruption of the mucosal barrier (as 
evidenced by increased back-diffusion of hydrogen ions) is not an essen- 
tial component of the pathologic process of stress ulcer but, if present, 
may in itself lead to the syndrome. The most likely explanation is that a 
synergistic relationship exists between ischemia and back-diffusion of 
intraluminal acid. This has been supported by the work of DenBesten 
and Hamza" and Ritchie and his colleagues*! in dogs and monkeys re- 
spectively, in which they demonstrated that shock coupled with ex- 
posure of the mucosa to bile salts and acid will lead to severe ulcers, 
whereas shock or bile salts alone only cause mild mucosal damage. This 
has led to the hypothesis that mucosal blood flow may be essential in 
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the disposal of back-diffused hydrogen ions. Under normal conditions, a 
small amount of hydrogen ions within the tissue may be rapidly cleared 
by blood flow, whereas erosions may develop when the ratio of mucosal 
blood flow to hydrogen ion back-diffusion is reduced in stressed sub- 
jects. Patients who are traumatized when acid, bile salts, aspirin, and 
alcohol bathe their gastric mucosa are probably at higher risk for devel- 
oping acute ulcers than individuals who have a high intraluminal pH or 
are free from barrier breakers at the time of their accident. 

This postulation certainly does not answer all questions as regards 
etiology of stress ulcer. For example, the role of environmental stress 
may possibly be an important factor in the genesis of acute erosions. 
However, the precise mechanism remains obscure in spite of a large 
amount of recent work in the area.!*:?® What are humoral factors? It has 
been well established that physical stress, especially in association with 
shock, is accompanied by increased blood levels of catecholamines and 
cortisol. Although steroids potentiate the increased permeability of the 
gastric mucosa to hydrogen ions caused by bile salts, aspirin, and acetic 
acid, alone they do not cause disruption of the gastric mucosal barrier.’ 
In fact, pharmacologic doses of steroids attenuate erosion formation in 
restrained rats.”2 The ulcerogenic potential of catecholamines has not 
been adequately studied. The focal nature of gastric erosion observed in 
clinical patients and in experimental animals® ?” has not been explored. 
It is possible that ischemia occurs at a focal site and that, indeed, back- 
diffusion in these areas may be intense, leading to the discrete multiple 
lesions so characteristic of the stress ulcer syndrome. Laboratory and 
clinical investigation continue in the hope that future understanding of 
these questions may lead to more precise ways of prevention and treat- 
ment of this devastating disease. 


CLINICAL MANIFESTATIONS 


Painless unexpected gastrointestinal bleeding from mouth or anus 
is the hallmark of stress ulcer. Although acute erosions may occur dur- 
ing or shortly after a traumatic incident, frank hemorrhage from these 
lesions is usually delayed for several days. Hematemesis and melena are 
of equal frequency. Clinical findings of associated illness or injury are 
often present. Peritonitis or other signs of severe sepsis may be in evi- 
dence and accompanied by varying degrees of respiratory, renal, cardiac, 
and hepatic failure. 

Clinical manifestations of massive bleeding from stress ulcers re- 
late to amount and rate of blood loss and the patient’s general condition 
at the onset of the bleed. Occasionally recognition of the source of car- 
diovascular collapse is delayed in an already critically ill patient. The 
sudden occurrence of hypovolemic shock with rapid pulse, hypotension, 
and cool moist skin, should bring this diagnosis to mind in a patient at 
risk. A drop in urine output is one of the more sensitive indicators of low 
tissue perfusion in the absence of renal disease. 
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DIAGNOSTIC APPROACH 


Before specific diagnostic procedures are undertaken to identify the 
source of bleeding, blood volume must be restored. Blood should be 
drawn immediately for determination of hematocrit, coagulation fac- 
tors, and cross match. Preferably two large bore catheters should be 
placed in antecubital veins, one inserted to the level of the superior 
vena cava in order to monitor central venous pressure. Certain features 
can be assessed quickly such as the general state of health, heart rate 
and rhythm, blood pressure, respiratory rate, and skin color and mois- 
ture. A nasogastric tube should be inserted in order to detect the 
presence of blood, or its rate of accumulation within the gastric lumen. 
Patients who develop gastrointestinal hemorrhage postinjury or after an 
episode of shock or sepsis should be considered to have stress ulcer- 
ations until proven otherwise. An aggressive diagnostic approach should 
be taken to confirm the diagnosis. Delays due to fear of “disturbing 
clots” are not justified. In fact, the initial approach should include 
vigorous lavage of the stomach in order to clear its lumen of clots 
and old blood. There is controversy as to whether the wash solution 
(usually saline) should be cold or warm. Cold saline will decrease 
mucosal blood flow but disturb coagulation; warm saline will increase 
mucosal perfusion but enhance coagulation. We are not aware of a ran- 
domized control trial which might serve to resolve the controversy. Hot 
or cold, lavage appears to be associated with cessation of bleeding in 
about 80 per cent of cases. Conventional radiologic examination of the 
stomach and duodenum by barium is of little help, since lesions are too 
superficial to be detected by this method. Many patients are also too ill 
for an adequate barium study. Endoscopy, therefore, is the diagnostic 
procedure of choice, since it can be done at the bedside. The new 
fiberoptic esophagogastroduodenoscope offers a simple, safe, and rela- 
tively atraumatic way to make a specific diagnosis. Lucas et al.** have 
described the characteristics of stress ulcers by sequential endoscopic 
examination in 42 patients with severe trauma. The earliest changes 
include interspersed foci of pallor and hyperemia mostly located in the 
proximal stomach. These foci are initially small, shallow, punctate 
erosions which progress to petechiae by 24 hours. The erosions become 
deeper with marginal swelling and may involve the entire stomach by 
48 hours. 

The use of angiography in the diagnosis of stress ulcer is reserved 
only for those cases in which gastroscopy fails to demonstrate the bleed- 
ing site, or in which control of bleeding is to be gained by pharmaco- 
logic means: In patients with massive, persistent bleeding, we arrange 
angiography at the same time that endoscopy is performed. In an oc- 
casional case, angiography succeeds in identifying the bleeding site, 
when endoscopy fails. The inconvenience, and relative risk and ex- 
pense, however, has placed angiography in a secondary role in the usual 
mild to intermediate bleed from post traumatic gastritis. 

In our experience, endoscopic findings in conjunction with the his- 
tory, usually differentiates stress ulcer from other bleeding lesions, such 
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as reactivation of a chronic duodenal or gastric ulcer, or esophageal 
varices. An upper barium gastrointestinal study, however, is sometimes 
helpful in identifying other potential sources of bleeding. 


TREATMENT . 


Once stress ulcers are associated with significant hemorrhage, mor- 
tality exceeds 50 per cent, indicating the lethal nature of this complica- 
tion. Therefore, early recognition and prevention of deeper penetration 
of erosions is important. All patients should be given adequate suppor- 
tive care for shock and sepsis with careful monitoring of the extent of 
hemorrhage. Patients with bleeding should be checked for coagulation 
defects, and specific clotting abnormalities should be corrected. Fresh 
whole blood is used as part of volume replacement for every sixth unit 
of blood transfusion. If fresh blood is not available, fresh frozen plasma 
and platelet packs may be helpful. Gastric aspiration is indicated to 
remove duodenal content which may have refluxed into the stomach as 
a result of adynamic ileus, since bile salts and pancreatic juice are inju- 
rious to the gastric mucosal membrane.*! 

The use of antacids in the treatment of stress ulcers has been 
reported as being effective in a clinical study of a small number of pa- 
tients.2 However, these observations were not made in a properly con- 
trolled, randomized study; hence, they must be regarded as inconclu- 
sive. Silen*®? suggested the instillation of 15 ml of any commonly 
employed liquid antacid via the gastric tube, with subsequent clamping 
of the tube for 15 to 20 minutes. Continuous gastric aspiration is then 
begun. After 1 hour of suction, the pH of the gastric aspirate is tested 
with pH paper. If the pH is above 4.5, suction can be repeated for an- 
other hour. If the pH is below 4.5, another dose of antacid is instilled. 
Since it is safe and simple, we have been using antacid on patients with 
stress ulcers, in the absence of massive hemorrhage. Since the neutyra- 
lizing capacities of commonly used antacids vary significantly, we 
prefer to use the potent ones such as Ducon or Mylanta II. 

There has been recent enthusiasm for pharmacologic control of 
stress ulcer bleeding by continuous intra-arterial infusion of vasocon- 
strictors into the gastric blood supply.! While different vasoconstrictors 
have been used by several authors, vasopressin has been the most com- 
monly used. Since vasopressin should be infused selectively into the left 
gastric artery, subselective catheterization of these vessels is required. 
The value of this technique has been encouraging;! however, it has not 
been established by a prospective well controlled study. We use this 
therapy when conservative management fails to control bleeding. The 
experience gained to date suggests that the intra-arterial infusion of 
vasoconstrictors can control stress ulcer bleeding in most cases. 

Transendoscopic control of upper gastrointestinal bleeding is cur- 
rently in the development stage. Gaisford reported on the transendos- 
copic control of bleeding in 33 patients from a variety of mucosal lesions 
including stress ulcers. Bleeding was immediately controlled in all but 
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Table 1. Literature Review of Operative Results (1949-1971)* 


NUMBER NUMBER NUMBER 
OF WITH OF 
PROCEDURE PATIENTS REBLEEDING PER CENT DEATHS PER CENT 

Exploration only a7, 16 59 13 48 
Subtotal gastrectomy 95 50 51 32 38 
Vagotomy and gastrectomy 54 9 i 13 24 
Vagotomy and drainage Ara, 52 29 41 23 
Vagotomy and drainage Dil 2 9.5 5 24 

w/suture ligation 

(present series) 
Total gastrectomy 12 0) 0 2 iky/ 


“Updated from Drapanas et al. (modified from Wilson, W. S., Gadacz, T., Olcott, C., III, 
and Blaisdell, F. W.: Superficial gastric erosions: Response to surgical treatment. Am. J. Surg., 
126:136, 1973.). 


two who subsequently required an operation for recurring hemorrhage. 
The value of such an approach is obvious and no doubt will receive ex- 
tensive study during the ensuing years. However, as the complications 
from this procedure are not yet known, it is too early to recommend it 
for general use in the management of bleeding stress ulcers. 

In most patients, bleeding stops with the aid of saline lavage, or 
selective arterial infusion with vasoconstrictors, but a small percentage 
of patients will continue to bleed and will require surgery. As a review 
of reported results of surgical therapy reveals little solid evidence to 
support the use of one type of operative procedure or another, the choice 
of procedure is open to question. Several recent surgical series’ ** seem 
to favor vagotomy and pyloroplasty as an initial operation, but there are 
too many variables in this large collection of data to allow a definite 
conclusion to be made (Table 1). On the other hand, Menguy and his as- 
sociates”> have reported unsatisfactory results for vagotomy and pyloro- 
plasty because bleeding continued or recurred in a large number of pa- 
tients. Therefore, they advocate that the best results in terms of control 
of bleeding were obtained with total and near total gastrectomy. In our 
own experience, we have had fairly satisfactory results with vagotomy 
and pyloroplasty and oversewing the bleeding ulcers as an initial opera- 
tion for bleeding stress ulcers. Subtotal gastric resection is reserved for 
those in whom bleeding continues after the initial operation. The San 
Francisco experience reported by Wilson and his colleagues** would ap- 
pear to support this point of view. 


PREVENTION 


Since results of all forms of therapy are poor, prevention of develop- 
ment and progression of stress erosions would appear to offer the most 
rational approach to the management of this disease. Many drugs and 
chemicals have been shown to protect animals from the development of 
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stress ulcers, but none have been tested in patients. The following 
methods of prevention have been advocated in patients. . 


Buffering of the Luminal Content 


Since stress ulcer will not occur if the luminal content is buffered, 
neutralizing intraluminal acid with antacid would be expected to pre- 
vent its development.®? However, the effectiveness of this treatment has 
not been tested in a large group of patients with proper control. This is 
probably due to the difficulties of maintaining luminal pH neutral by 
conventional methods. 


Inhibitors of Acid Secretion 


The use of inhibitors of acid secretion, such as prostaglandins and 
the H, receptor antagonists, metiamide or cimetidine, has been reported 
to reduce the incidence of stress ulcer in animal experiments.”° So far, 
these observations have not been extended to clinical studies, and it is 
an area that undoubtedly will receive more attention in the ensuing 
year for the prevention of stress ulcer. 


Others 


Methods to augment gastric mucosal regeneration, such as adminis- 
tration of vitamin A, growth hormone, and hyperalimentation, have 
been suggested to protect mucosal injury from stress. Several recent 
studies have demonstrated the importance of vitamin A in preserving 
the function and promoting the normal proliferation of mucous cells in 
the gastrointestinal tract in animals,* '® °° a result which has not been 
reproducible by other investigators.”* Clinical studies have also reported 
a reduction in stress ulcers developing in patients receiving large doses 
of vitamin A.2 However, the presence of stress ulcers in these studies 
was not confirmed by endoscopic examination, and the accuracy of diag- 
nosis is therefore questioned. Growth hormone, which stimulates RNA 
and protein synthesis, has been shown in animals to partially protect the 
gastric mucosa from stress-induced injury. A small clinical study has 
shown that in six of eight patients with stress ulcers, the bleeding was 
controlled by human growth hormone.*® The protective effect of intra- 
venous hyperalimentation on gastric mucosal regeneration has been 
studied in a small number of patients undergoing abdominal aortic 
surgery” Although it has shown that positive nitrogen balance was 
achieved in hyperalimented patients, its effect on mucosal regeneration 
and gastric secretion remains inconclusive. These observations cer- 
tainly need to be extended to a large number of patients in a prospective 
study. At the present time we are reluctant to recommend the use of 
these methods for the prevention of stress ulcers. 


SUMMARY 


Stress ulcers are multiple, superficial erosions which occur mainly 
in the fundus and body of the stomach. They develop after shock, sepsis, 
and trauma and are often found in patients with peritonitis and other 
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chronic medical illness. Stress ulcers should be differentiated from reac- 
tivation of chronic duodenal or gastric ulcers, Cushing’s ulcer following 
head injury, or drug-induced gastritis. Digestive symptoms are usually 
absent, hemorrhage is the most common manifestation, and perforation 
and obstruction are rare. The presence of luminal acid and ischemia are 
necessary for the production of stress ulcer, while disruption of the gas- 
tric mucosal barrier by refluxed duodenal content may contribute to the 
pathogenesis. Endoscopy is the mainstay of the diagnostic procedure, 
and angiography should be used if endoscopy fails to identify the bleed- 
ing lesions. Medical management should include volume replacement, 
nasogastric aspiration, and the use of antacid. Selective intraarterial in- 
fusion of pitressin has shown encouraging preliminary results. Surgical 
treatment is reserved only for those patients who continue to bleed 
despite all medical management. The operation of choice is open to 
question. We prefer vagotomy, pyloroplasty, and oversewing the ulcers 
as an initial operation. Since the result of all forms of therapy has been 
poor, it seems reasonable to try to prevent ulcer development. The use of 
vitamin A, hyperalimentation, and growth hormones is still in an experi- 
mental stage. Large clinical studies with case control are necessary 
before recommendations can be made. The use of potent and frequent 
antacid to buffer the gastric content has shown promising results; how- 
ever, these observations need to be confirmed in a properly controlled 
and randomized study. 
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The traditional views of the pathophysiology of peptic ulcer disease 
consider duodenal ulcer as a disease of excessive acid secretion and gas- 
tric ulcer as a defect in gastric mucosal resistance. Clinically these rela- 
tionships seem well-founded. Gastric ulcer occurs in the setting of 
chronic gastritis; healing can be enhanced by bismuth and carbenoxo- 
lone, drugs which do not have anti-secretory properties; and gastric 
ulcer is treated by resecting the antrum, the site of ulceration. On the 
other hand, duodenal ulcer patients have higher than normal rates of 
acid secretion to all known stimuli and are treated surgically by reduc- 
ing acid secretion without removing the site of ulceration. 

In this review the experimental evidence cited will follow these 
traditional lines; however, areas presently not well understood such as 
duodenal mucosal resistance may provide future insights into the path- 
ogenesis of peptic ulcer disease. 


DUODENAL ULCER 


Three factors may play a role in the pathophysiology of duodenal 
ulcer disease: increased capacity to secrete acid, increased responsi- 
veness to stimuli of acid secretion, and defective inhibition of acid 
secretion. 


Increased Capacity to Secrete Acid 


A large number of studies have been done to determine whether 
ulcer patients secrete more acid than normal subjects and to correlate 
the rates of acid secretion with disease activity or severity. Duodenal 
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Table 1. Gastric Acid Secretion in Man* 


BASAL ACID OUTPUT PEAK 30 MIN OUTPUT 
(ME@ PER HR) (mME@) 

Nt DU GU N DU GU 

Lopes, 1959 2.0 ays} ies ‘ 6.0 10.0 7.0 
Sircus, 1960 25 6.0 i 17-2 18.8 Ths 
Baron, 1963 eS 3.6 1.9 10.8 PA) eS 
Marks, 1963 4.2 Toll 4.3 shales} IAS 9.8 
Wormsley, 1965 1.8 DRA 1-5 107 Do} 14.5 


*Data taken from Wormsley, K., and Grossman, M.: Maximal histalog test in control sub- 
jects and patients with peptic ulcer. Gut, 6:427-435, 1965. 
+N =normal, DU = duodenal ulcer, GU = gastric ulcer. 


ulcer patients have a higher mean basal acid output (BAO) and maximal 
acid output (MAO) than normal controls. However, there is considerable 
overlap. In a series of men with acute or chronic duodenal ulcer, with or 
without complications, the mean BAO was 2.1 mEq per hr and mean 
MAO 39.3 mEq per hr.” Mean values in age and sex-matched controls 
were 1.8 and 30.9 respectively. Other series have reported greater dif- 
ferences between ulcer and nonulcer patients (Table 1). Acid output, 
both BAO and MAO, fluctuates in individual patients. In one study BAO 
decreased after gastrointestinal hemorrhage or following a severe and 
protracted exacerbation, but in most cases no specific factors have been 
identified which account for changing secretory rates.*® The degree of acid 
secretion does not correlate with the length of history of ulcer disease, 
level of activity, or occurrence of ulcer complications.” Lam and Sircus 
found that duodenal ulcer patients with a history of perforation or bleed- 
ing were more likely to be normal secretors rather than hypersecretors.*4 
Pepsin output may be a more accurate discriminant of ulcer activity 
than acid secretion. Several studies have shown higher rates of pepsin 
output in patients with active ulcer disease compared with those in 
remission.!” ° 

The higher rate of acid secretion in duodenal ulcer is highly corre- 
lated with a large parietal cell mass. In an autopsy study Cox found that 
duodenal ulcer patients had large stomachs with increased numbers of 
parietal cells.!? The number of parietal cells per surface area of mucosa 
obtained by biopsy increases as MAO increases.®*® Card and Marks re- 
ported a strong correlation between the MAO before and after gastric 
resection and the number of parietal cells resected.3 Some authors have 
criticized this study because the patients also had antrectomy which 
alone reduces parietal cell responsiveness.” However, the effect of an- 
trectomy is constant from patient to patient and would affect only the 
absolute and not the relative changes observed by Card and Marks. 

Duodenal ulcer patients then have higher maximal rates of acid 
secretion because of their large parietal cell mass. This feature may be 
more important in those individuals with very high MAO, greater than 50 
mEq per hr, as they have an increased frequency of peptic ulcer dis- 
ease.” The average duodenal ulcer patient, however, secretes at max- 
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imal rate for only short periods after a meal; otherwise, secretion is 
clearly submaximal. 


Increased Responsiveness to Stimuli of Acid Secretion 


Duodenal ulcer patients secrete more acid in response to all known 
types of stimuli including intravenous calcium and steak meal.2?:** This 
is not merely a function of their greater maximal acid output, for the 
difference between duodenal ulcer and normal persists when acid out- 
put is expressed as a percent of MAO.” Isenberg et al. reported that the 
dose of pentagastrin which produced half maximal secretion (D50) was 
significantly lower in duodenal ulcer patients than in controls, indicat- 
ing increased sensitivity.2” 

The mechanism of this increased responsiveness is unknown, but 
may be due to an increased vagal and/or hormonal drive to secretion. It 
has been suggested that duodenal ulcer patients have an increased 
vagal tone. This cannot be measured directly but enhanced tone would 
presumably affect basal secretion and the response to sham feeding. 
The BAO is higher in duodenal ulcer and as MAO increases, the 
BAO/MAO ratio increases, suggesting increased drive. However, the 
BAO/MAO ratio is not different in duodenal ulcer and normal.”* Sham 
feeding presumably provides pure vagal stimulation, but conflicting 
results have been reported for sham feeding studies in duodenal ulcer 
patients.*” Although vagotomy alone reduces acid secretion and 
usually cures ulcer disease, this effect is nonspecific. Vagotomy reduces 
acid secretion to all types of stimuli and to the same degree in patients 
with duodenal or gastric ulcer.’® In addition, pharmacologic vagotomy 
with hexamethonium and atropine inhibits basal and maximal acid 
secretion to the same degree in duodenal ulcer patients and normal con- 
trols.® Until vagal tone can be directly measured the role of the vagus in 
the pathogenesis of duodenal ulcer disease cannot be determined. 

The hormone gastrin may be responsible for the increased acid 
secretion in duodenal ulcer. Although basal serum gastrin concentra- 
tions are normal in duodenal ulcer, the meal-induced gastrin outputs are 
significantly greater than normal.* This is not due to an increased gas- 
trin cell mass as the antral gastrin content is similar in duodenal ulcer 
and normal.*! The enhanced meal response is probably due to defective 
regulation of gastrin release. Gastric acid inhibits gastrin release either 
directly on the antral G-cell or indirectly by stimulating gastrin-inhibi- 
tors from the intestine such as secretin.® It was shown that the inhibi- 
tory effect of acidification was defective in duodenal ulcer. An amino 
acid meal at pH 2.5 produced greater inhibition of acid secretion and 
gastrin release in normal than in duodenal ulcer. 

Multiple molecular forms of gastrin are present in circulation and 
differences in composition may exist between duodenal ulcer and nor- 
mal. It was recently reported that duodenal ulcer patients have a greater 
proportion of G-17, the most potent component of gastrin, in the fasting 
and fed state as compared to normal.” 

The relationship of basal acid secretion and basal gastrin concentra- 
tion has interested many investigators. As duodenal ulcer patients have 
higher BAO and lower antral pH than normal, one would expect the 
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basal gastrin to be lower in duodenal ulcer than normal. This is not the 
case, though, and supports the theory of impaired inhibition. Petersen et 
al. have found that duodenal ulcer patients have a positive correlation 
between basal serum gastrin concentration and the D50 to pentagas- 
trin.»! The duodenal ulcer patients with a low D50, indicating increased 
sensitivity to pentagastrin, had low basal serum gastrin. Further studies 
are required to compare gastrin outputs following a meal with D50 to 
pentagastrin. It may be that duodenal ulcer patients are heterogenous; 
some exhibit increased sensitivity, perhaps due to increased vagal tone, 
while others have increased basal and stimulated gastrin concentra- 
tions. 


Defective Acid Inhibition 


Intestinal mechanisms have been shown to inhibit acid secretion. 
Acid, fat, and hypertonic solutions when instilled into the duodenum 
decrease pentagastrin-stimulated acid secretion.': 4: **: 7? Acid secretion 
was inhibited by instillation of 40 to 60 mEq per hr of 0.1N HCl into the 
duodenum but not by instillation of the subject’s own gastric juice.’ 
However, there is no evidence that this mechanism is defective in 
duodenal ulcer; acid, fat, and hypertonic glucose and saline inhibited 
acid secretion to a similar degree in duodenal ulcer and normal.* *?> 7 7 

Pancreatic secretion of bicarbonate efficiently neutralizes HCl so 
that the pH distal to the pancreatic duct is around 6. A defect in bicar- 
bonate secretion in duodenal ulcer would expose the duodenal mucosa 
to a more acidic milieu. Duodenal ulcer patients, however, do not have 
pancreatic insufficiency—the bicarbonate output in response to ex- 
ogenous secretin is normal or increased. Petersen found that duodenal 
ulcer patients with a higher mean acid output also had higher mean 
bicarbonate output than control. There is dispute regarding bicarbon- 
ate secretion following duodenal acidification in duodenal ulcer. Worms- 
ley reported that duodenal ulcer patients secreted less HCO, than nor- 
mal and Bloom and Ward found that the serum secretin concentration 
after acidification was lower in duodenal ulcer than normal.®: * However 
Cano et al. observed a similar bicarbonate output and secretin release in 
duodenal ulcer and normal following duodenal instillation of graded 
amounts of acid.’ 

Similarly conflicting results are reported for measurement of duo- 
denal pH. Archanbault found lower fasting duodenal bulb pH in duo- 
denal ulcer than normal, while Rhodes noted similar postprandial pH in 
both groups.**** Rune reported a lower bulb pH in duodenal ulcer but 
similar postbulbar pH in duodenal ulcer and normal.*” 

There is no convincing evidence that defective inhibition of acid 
secretion is an important factor in the development of duodenal ulcer. 


Gastric Emptying 

The results of gastric emptying studies in duodenal ulcer disease 
are variable due to the nature of the test meal, liquid or solid, calorie or 
noncalorie containing. Griffith et al. measured gastric emptying of a 


meal of milk, porridge, egg, and bread labeled with *'Cr and found that 
duodenal ulcer patients empty faster than normal, T,, of 55 vs. 65 
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minutes.”* The result of rapid emptying of a meal is to decrease its buf- 
fering ability. Fordtran and Walsh noted that the amount of meal buffer 
present in the stomach 2 hours after ingestion in duodenal ulcer was 
less than half that of normal.”2 Cano and Isenberg measured acid secre- 
tion and gastric emptying of a protein meal in duodenal ulcer and nor- 
mal subjects.° The duodenal ulcer patients had significantly greater acid 
output than normal and emptied gastric contents more rapidly. This 
resulted in a greater acid load to the duodenum in duodenal ulcer pa- 
tients. 

In summary, duodenal ulcer patients not only have a greater than 
normal maximal secretory capacity, but more importantly, they secrete 
at higher than normal rates with submaximal stimuli. A dual defect is 
present during meal-stimulated secretion. Impaired antral inhibition of 
gastrin release contributes to excessive acid secretion and rapid gastric 
emptying reduces the buffering effect of the meal itself. The result is a 
large acid load to the duodenum where inhibitory mechanisms and 
pancreatic secretion are not sufficient to control the acid secretion. 


GASTRIC ULCER 


Three types of gastric ulcer have been described by Johnson: type I, 
single ulcers on the lesser curve; type II, gastric ulcers associated with 
duodenal ulcers; and type III, prepyloric ulcers.*! Type I represented 57 
per cent of his series of 5000 cases and was associated with hyposecre- 
tion of acid; types II and III were equally divided and were associated 
with hypersecretion. The pathophysiologic features of gastric ulcer may 
not apply equally to all three types. 


Ulcer Location 


Oi et al. in 1969 proposed a “‘dual control mechanism” for the etiol- 
ogy of gastric ulcers based on observations of the surrounding mucosa 
and underlying musculature in a series of 366 gastric ulcer specimens 
obtained surgically.47 They reported that gastric ulcers occur in antral 
mucosa adjacent to acid-secreting fundic mucosa. This was true in 96 
per cent of type I.and 82 per cent of type II ulcers. Further, 97 per cent 
of gastric ulcers were located in an area which was crossed by a broad 
circular muscle, an area representing only 11 per cent of the entire 
stomach. In fact, all but one type I gastric ulcer were found at a fundoan- 
tral border crossed by this circular muscle band. The sole exception was 
an ulcer occurring in ectopic antral mucosa. They postulated that this 
area was one of severe kinetic strain due to gastric contractions. 

Gastritis occurs in most patients with gastric ulcer. It invariably af- 
fects the antrum but also may extend into the body of the stomach.** 
McDonald observed that of 51 patients with gastric ulcer, 44 had abnor- 
mal antral mucosa characterized by cellular infiltration of the lamina 
propria, loss of epithelial mucus, atrophy of pyloric glands, and intesti- 
nal metaplasia.*® The seven patients with normal antral mucosa were all 
habitual aspirin users. 

There is some debate as to whether the gastritis produces or is due 
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to the gastric ulcer. Experimentally, mucosa affected by gastritis is more 
susceptible to ulceration from peptic digestion.** In an endoscopic: study 
of gastric ulcer before and after healing, it was noted that gastritis per- 
sisted in the majority of patients despite healing of the ulcer.” 


Gastric Mucosal Barrier 


Gastric mucosa has the unique capacity to maintain an enormous 
concentration gradient between lumen and plasma hydrogen ion con- 
centration, over one million to one. This has been called the mucosal 
barrier to back diffusion of hydrogen. Agents such as aspirin, bile salts, 
ethanol, and lysolecithin are barrier breakers.*® When instilled into the 
stomach in an acidic solution, they produce back diffusion of hydrogen 
into the mucosa and this leads to edema, hemorrhage, and erosions. 
However, acute gastric erosions may occur in the absence of measur- 
able back diffusion during hemorrhagic shock in dogs and restraint 
stress in rats.?” * 

In man, Overholt and Pollard found that instillation of acid into the 
stomach produced significantly more back diffusion in patients with 
gastric ulcer than in controls or duodenal ulcer patients.‘* This was con- 
firmed by Chapman et al. and in two cases back diffusion persisted 
despite healing of the gastric ulcer.® 


Bile Reflux 


An attractive hypothesis for the pathogenesis of gastric ulcer is that 
reflux of bile acid, and possibly lysolecithin, into the stomach breaks the 
mucosal barrier and produces increased hydrogen back diffusion leading 
to mucosal inflammation and possibly to chronic gastritis. Du Plessis 
was the first to confirm that fasting gastric ulcer patients have greater 
than normal concentration of bile acids in the stomach.'® In another 
study radiolabeled bile acids were measured in gastric contents in the 
fasting and fed state.** Gastric ulcer and normal subjects had similar 
fasting concentrations, but, following a liquid meal, a greater than ten- 
fold difference existed between gastric ulcer and normal. However, bile 
acid reflux is not seen in all patients with gastric ulcer. Black and his as- 
sociates found that up to 50 per cent of gastric ulcer patients have fast- 
ing and postprandial bile acid concentrations which overlap with non- 
ulcer subjects.2 In addition, increased bile reflux is reported in 
conditions without gastric ulcer, such as gastroesophageal reflux and 
following pyloroplasty.*! 

It has been suggested that pyloric sphincter incompetence is 
present in gastric ulcer and this promotes bile reflux. Valenzuela et al. 
reported that gastric ulcer patients have a lower basal sphincter pres- 
sure than control and duodenal ulcer subjects,®* and Fisher and Cohen 
noted that pyloric sphincter pressure in gastric ulcer patients did not 
increase in response to secretin, cholecystokinin, intraduodenal amino 
acids, or fat.!* Cigarette smoking, which has been shown to increase bile 
reflux, decreases resting sphincter pressure.** ** However, some inves- 
tigators have been unable to confirm the existence of a pyloric high 
pressure zone, and more studies are required to determine the place of 
pyloric sphincter incompetence in gastric ulcer.** 
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Dragstedt and Woodward theorized that gastric ulcer was caused by 
antral stasis due to impaired gastric emptying leading to distention of 
the antrum, gastrin release, and hyperacidity.'!* Indeed, in animals cre- 
ation of pyloric stenosis or obstruction produces increased acid secretion 
and gastric ulceration.** In man, vagotomy without adequate drainage 
caused gastric stasis and ulceration. 

However, most patients with gastric ulcer do not conform to this 
hypothesis. In Griffith’s study of gastric emptying, patients with type I 
gastric ulcer had normal gastric emptying rate and type II patients 
tended to have slower emptying times but overlapped with normal con- 
trols.?8 

Both basal and maximal acid secretion is lower than normal in type 
I gastric ulcer, whereas types IL and III are similar to normal.” The ten- 
dency for low rates of acid secretion are most likely a consequence of 
gastritis and back diffusion. Fasting serum gastrin concentrations are 
higher in gastric ulcer than in normal and duodenal ulcer, but this ap- 
pears to be due to the higher antral pH in gastric ulcer.” Thus, most gas- 
tric ulcer patients do not have evidence of impaired gastric emptying or 
acid hypersecretion. 


Local Factors 


Bile reflux could account for the gastritis which accompanies gas- 
tric ulcer, but the specific site of ulceration may be determined by local 
factors such as blood flow, cell turnover, and mucus. The characteristic 
location of gastric ulcer on the lesser curvature of the stomach may 
reflect Oi’s hypothesis, but also the blood supply to the lesser curve 
differs from the main stomach. The mucosal arteries to the anterior and 
posterior walls derive from a plexus of vessels beneath the muscularis 
mucosae; the lesser curve is supplied by arteries arising from the left 
gastric artery outside the stomach wall.” 

Gastric epithelial cells may be important defensive factors in gastric 
ulcer disease. They have a short life span, averaging 4 days, and are con- 
tinually undergoing replication, shedding and renewal.® During re- 
straint stress in rat cell replication is decreased and as epithelial cells 
are extruded into the lumen without replacement erosions occur.*® 

The epithelial cells contain mucus, a highly viscous solution with a 
limited capacity to neutralize acid. The deep mucus cells in the neck of 
gastric glands secrete sulphated glycoproteins which form a complex 
with cellular protein that is resistant to peptic digestion.® This complex 
may act as an inhibitor to pepsin, and in fact, after histamine stimula- 
tion mucosal cells have an increased content of this complex.® However, 
in man, sulphated glycoproteins are found in salivary and esophageal 
but not gastric secretions. Anti-inflammatory drugs such as cortisone, 
aspirin, and indomethacin decrease mucus secretion, whereas carbenox- 
olone, a drug which increases gastric ulcer healing rate, promotes 
mucous secretion and prolongs epithelial cell life span.** Mucus may 
have a limited role as an antipeptic substance. However, patients with 
peptic ulcer do not have a deficiency in gastric mucous secretion or an 
abnormality in the concentration of any of the constituents of mucus.” 
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In summary, gastric ulceration may result when local defense 
mechanisms such as mucous secretion, cell renewal, or blood supply are 
defective. Bile reflux and back diffusion of hydrogen may be necessary 
preconditions to initiate gastritis and predispose the mucosa to ulcer- 
ation. 


DRUGS ASSOCIATED WITH PEPTIC ULCER DISEASE 


Peptic ulcer disease has been associated with a variety of drugs, par- 
ticularly anti-inflammatory agents, but to determine whether a true as- 
sociation exists it is necessary to know the frequency of peptic ulcer 
diseases in the general population. 

In an autopsy study conducted at Leeds in England the frequency of 
peptic ulcer was 14.2 per cent for men and 7.7 per cent for women.” 
Doll et al., from a field survey, reported lower frequencies of 5.8 per cent 
for men and 1.9 per cent for women." The true frequencies should lie 
between those from the accurate but selective autopsy study and the 
less accurate but more representative field survey. 


Salicylates 


The difficulties of showing an association between peptic ulcer 
disease and drug ingestion are compounded when studying aspirin. Sub- 
jects often fail to remember casual aspirin ingestion or may not realize 
that a particular compound contains aspirin. This accounts for the wide 
variation seen in reported frequencies of aspirin use in control popula- 
tions, 4 to 44 per cent.*® Ulcer patients, however, are more aware of 
aspirin ingestion, and there is less variation in their reported frequen- 
cies of aspirin use. It is difficult to avoid this bias in studies which com- 
pare aspirin use in patients with ulcer disease to control populations. 

Unbuffered aspirin causes an increased occult blood loss in most in- 
dividuals, 4 ml a day vs 1.5 in controls.'! However, aspirin provokes no 
greater blood loss in ulcer patients than in controls.*° 

Aspirin has been associated with major gastrointestinal hemor- 
rhage. Langman reviewed eight series in which aspirin ingestion was 
always more frequent in patients with hemorrhage than in controls.*6 
However, it was not possible to determine whether aspirin use preceded 
the onset of bleeding. In a recent study Levy has attempted to answer 
this question. He compared the frequency of heavy (4 or more days a 
week), regular (for 3 months previous) aspirin ingestion in patients with 
newly diagnosed major gastrointestinal bleeding without an antecedent 
predisposing cause to a control population. He found that 16 per cent of 
bleeding patients had heavy aspirin use as compared to 7 per cent of 
controls, a significant difference.*” He concluded that heavy aspirin use 
was associated with hemorrhage, but the incidence of hospital admis- 
sions for bleeding in heavy aspirin users is low, 15 per 100,000 per year. 

The association of aspirin use with gastric ulcerations has been 
documented by several studies.”-*’7 Aspirin produces increased hy- 
drogen back diffusion in animals and man, a factor which may be of im- 
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portance in the development of gastric lesions.*® More specifically, 
aspirin use has been associated with the development of a particular 
type of gastric ulcer. McDonald reported that gastric ulcer without at- 
tendant antral gastritis was found only in aspirin users.” 

There is no evidence of an association of aspirin use with duodenal 
ulcer. 37 


Corticosteroids 


Some investigators have felt that patients on steroid therapy may 
develop an antral ulcer which is frequently asymptomatic and often per- 
forates.®' It was thought to have distinct histologic and radiologic fea- 
tures, but a careful controlled study of steroid ulcers failed to discover 
any typical features as compared to nonsteroid ulcers.4 

The literature was surveyed in 1954 by Sandweiss,*® in 1967 by 
Cooke,” and in 1975 by Conn and Blitzer’® with the same result; cortico- 
steroid therapy did not increase the incidence of peptic ulcer disease. 
Conn and Blitzer did note that an association might depend on dose; pa- 
tients receiving a total dose of greater than 1000 mg prednisone devel- 
oped peptic ulcer more frequently than those receiving less. 

Corticosteroids may delay healing rate but this has not been studied 
in man. Steroids do not increase fecal blood loss and do not increase 
hydrogen back diffusion in animals." 


Other Agents 


Indomethacin increases hydrogen back diffusion and fecal blood 
loss.'! In the only prospective study of chronic indomethacin therapy, 
the incidence of peptic ulcer disease was less than 3 per cent.*® 

Phenylbutazone does not break the barrier and it does not increase 
occult blood loss. Several retrospective studies have failed to detect an 
association of phenylbutazone treatment with ulcer disease."! 

Although ethanol breaks the barrier to back diffusion, a recent study 
by Friedman et al. found that alcohol consumption was not related to a 
history of peptic ulcer.”* In the the same study coffee drinking was not 
associated with peptic ulcer; however, one study showed that college 
students who were heavy coffee drinkers were more likely to develop 
ulcer than nondrinkers.*® 

There is no convincing evidence that reserpine is ulcerogenic." 


Conclusion 


In conclusion, only aspirin of the anti-inflammatory agents is as- 
sociated with gastrointestinal pathology, namely gastric ulcer and upper 
gastrointestinal bleeding. However, there is no information available on 
the effect of these drugs on the course of ulcer disease, and cautious use 
of these agents in patients with known peptic ulcer disease is still war- 
ranted. 


SUMMARY 


This review has dealt mainly with the physiologic features of peptic 
ulcer disease. Space does not permit an adequate analysis of the epide- 
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miologic and psychosomatic aspects of peptic ulcer. The reader is 


referred to several excellent articles on these top 


j 21, 44, 45, 63, 64 
ics. 1, 44, 45, 63, 6 
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193 
chronic hemodialysis and, 1975: Oct., 
1134 
false, in groin, 1976: June, 749-'752 
intracranial, microsurgery and, 1976: 
June, 786-787 
of ascending aorta, 1975: Oct., 1167- 
1174 
resection and repair, 1975: Feb., 57-80 
thoracoabdominal, 1974: Feb., 189-190 
Aneurysmectomy, postinfarction 
ventricular, 1975: Oct., 1159-1166 
Angina pectoris, external counterpulsation 
and, 1975: June, 569-570 
“oreinfarction,” intra-aortic balloon 
counterpulsation and, 1975: June, 553 
unstable, intra-aortic balloon counter- 
pulsation and, 1976: Feb., 88 
Angiography, before profundaplasty, 1974: 
Feb., 101, 103 
cerebral, anesthesia and, 1975: Aug., 
923-924 
for aorto-iliac occlusive disease, 1974: 
Feb., 195-212 
for arteriovenous fistula, 1974: Feb., 
167-172 
for cerebral ischemia, 1974: Feb., 239- 
255 
for femorotibial bypass grafts, 1974: 
Feb., 77 
for gastrointestinal hemorrhage, 1976: 
June, 696-697; Dec., 1865-1373 
for renal masses, 1976: Feb., 161-164 
for venous thromboembolism, 1974: Feb., 
237 
in pulmonary embolism, 1974: Oct., 
1096 
pancreatic cancer and, 1974: June, 586- 
OST, 
Angioplasty, at the carotid bifurcation, 
1974: Feb., 248 
Ankle, fractures, 1976: June, 667 
joint, ligaments of, 1974: Dec., 1265 
ulcers, sickle cell anemia and, 1976: 
Feb., 67 
Annular pancreas, in children, 1975: April, 
377-379 
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Annuloplasty, for mitral valve repair, 1975: 
Oct., 1197 
Anoplasty, for anal stricture, 1976: June, 
727-731 
for imperforate anus, 1976: April, 384- 
391 
Anterior resection, for rectal carcinoma, 
1974: June, 747-748 
Antibiotics. See also names of drugs. 
gastrointestinal surgery and, 1975: Dec., 
1309-1318 
in infants, 1974: Oct., 1147, 1150 
perforated peptic ulcer and, 1976: Dec., 
1397 
preoperative, in repair of abdominal 
aortic aneurysm, 1974: Feb., 180 
post-traumatic metabolism and, 1976: 
Aug., 812 
symposium on, 1975: Dec., 1259-1444 
therapy, risks of, 1975: Dec., 1808-1308 
wound healing and, 1976: Aug., 872 
Anticancer agents. See Chemotherapy. 
Anticoagulants, in pulmonary embolism, 
1974: Oct., 1092-1093, 1097-1099, 
1109; 1976: Aug., 901-902 
in venous thromboembolism, 1974: Feb., 
236 
Antrectomy, duodenal ulcer and, 1976: 
Dec., 1293 
truncal vagotomy and, 1976:Dec., 1835- 
1347 
Anus, imperforate, in infants, 1974: June, 
507-510 
repair of, 1976: April, 379-394 
stricture, surgery for, 1976: June, 727- 
731 
Aorta, aneurysm and valve insufficiency of, 
1975: Oct., 1167-1174 
abdominal, 1974: Feb., 175-193 
complications and prognosis, 1975: 
Feb., 74-76 
resection and repair, 1975: Feb., 58-67 
cannulation of, 1975: Oct., 1205-1207 
coarctation, in infants, 1975: Feb., 92-94 
surgical anatomy of, 1974: Dec., 1303- 
1304 
valvular disease of, anesthesia and, 1975: 
Aug., 894-895 
Aortic arch, surgical anatomy of, 1974: 
Dec., 1304-1309 
variations in, 1974: Dec., 1293-1294 
Aortic compressor, for ruptured aneurysms, 
1974: Feb., 186-187 
Aortocaval fistula, 1975: Feb., 69 
Aortoenteric fistula, 1975: Feb., 68 
Aortography, in aorto-iliac occlusive dis- 
ease, 1974: Feb., 195-212 
radionuclide, 1974: Feb., 177-178 
Apert syndrome, facial surgery for, 1975: 
Feb., 152-154 
Aplastic anemia, splenectomy in, 1975: 
April, 271 
Appendix, carcinoid syndrome and, 1974: 
April, 412 
Arm, ischemic, arterial reconstruction for, 
1974: Feb., 239-255 
pain, thoracic outlet compression and, 
1974: Feb., 155-164 
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Arm (Continued) 
vascular disease in, symposium on, 1974: 
Feb., 1-269 
Arrhythmias, cardiac, 1975: Aug., 908 
diagnosis of, 1975: June, 516 
intra-aortic balloon counterpulsation and, 
1976: Feb., 88-89 
postoperative, 1975: Aug., 992-993 
Arterial insufficiency, radioisotopic 
measurement of, 1974: Feb., 39-55 
Arteriography, aortorenal bypass graft and, 
1976: June, 779 
for arteriovenous fistula, 1974: Feb., 
167-172 
for cerebral ischemia, 1974: Feb., 239, 
241, 243-246 
in pancreatic disease, 1976: June, 616 
in renovascular hypertension, 1974: Feb., 
258-268 
in thoracic outlet compression, 1974: 
Feb., 157, 159 
in trauma patient, 1975: Feb., 40 
in vascular disease, 1974: Feb., 17 
renal, in renal hypertension, 1974: April, 
353 
Arteriosclerosis, abdominal aortic 
aneurysm and, 1974: Feb., 176 
femoropopliteal reconstruction for, 1974: 
Feb., 95 
obliterans, diagnosis of, 1974: Feb., 13 
intraoperative endoscopy for, 1974: 
Feb., 111-122 
of renal artery, reconstruction for, 1974: 
Feb., 263 
“stroke” and, 1974: Feb., 239-255 
Arterioscopy, intraoperative, 1974: Feb., 
111-122 
Arteriotomy, aortofemoral bypass grafting 
and, 1975: Oct., 1142, 1148 
Artery(ies). See also specific names. 
aorto-iliac, reconstruction of, long-term 
studies of, 1974: Feb., 20-21, 195-212 
carotid, endarterectomy in, 1974: Dec., 
1291-1296 
cerebral, ischemic, surgery for, 1974: 
Feb., 239-255 
compression, thoracic outlet syndromes 
and, 1974: Feb., 155-164 
coronary, diseased, anesthesia and, 
1975: Aug., 895 
extra-anatomic reconstruction of, 1974: 
Feb., 123-135 
femoropopliteal, reconstruction of, long- 
term studies of, 1974: Feb., 21 
fistulae of, congenital, 1974: Feb., 165- 
174 
gastroduodenal, division of, 1976: June, 
639 
grafted from veins, 1974: Feb., 95-109 


great, transposition of, in newborns, 1976: 


April, 458-459 

great thoracic, surgical anatomy of, 1974: 
Dec., 1303-1312 

hepatic, pancreatic resection and, 1976: 
June, 642-646 

intraoperative endoscopic examination of, 
1974: Feb., 111-122 

occlusive disease of, 1974: Feb., 29-34, 
41-44 
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Artery(ies) (Continued) 
peripheral, aneurysms of, 1975: Feb., 
70-72, 76-77 . 
profunda femoris, vein grafts for, 1974: 
Feb., 95-109 
pulmonary, occlusion of, 1974: Oct., 987 
surgical anatomy of, 1974: Dec., 1305 
radionuclide imaging of, 1975: June, 
731-783 
reconstructed, determining patency of, 
1974: Feb., 31 
renal, reconstruction of, 1974: Feb., 
257-269 
small and medium caliber, prostheses for, 
1974: Feb., 213-228 
superior mesenteric, duodenal com- 
pression and, 1974: Dec., 1367 
tibial and peroneal, bypass grafting to, 
1974: Feb., 77-84 
Arthroplasty, of hip, infection following, 
1975: Dec., 1481-1437 
Appendix, prophylactic antibiotics and, 
1975: Dec., 1315-1316 
Ascites, in newborn, 1974: June, 519-520 
Aspiration pneumonia, postoperative, 1975: 
Dec., 1355-1356 
Atelectasis, acute respiratory insufficiency 
and, 1976: Oct., 1096-1098, 1099-1100 
in infants, 1974: Oct., 1150-1151 
postoperative, 1975: Oct., 1231; Dec., 
1356 
Augmented histamine test, in peptic ulcer, 
1974: June, 531-532 
Autograft, venous, in myocardial revas- 
cularization, 1975: Oct., 1184-1187 
Autotransfusion, acute peroperative hemo- 
dilution and, 1975: June, 669-671 


Back pain, chemonucleolysis for, 1975: 
Feb., 181-197 
sensory neurolysis by electrocoagulation, 
1975: Feb., 172-176 
Bacteria, anaerobic, postsurgical sepsis 
from, 1975: Feb., 21-80 
wound healing and, 1976: Aug., 860, 862 
Balloon pumping, intra-aortic, for low 
cardiac output, 1975: Feb., 101-106 
Barbiturates, cerebral blood flow and 
metabolism and, 1975: Aug., 828 
mitochondrial function and, 1975: Aug., 
803 
ventricular function and, 1975: Aug., 768 
Bayonet deformity of tibia, 1975: Feb., 204 
Belsey Mark IV operation, for reflux 
esophagitis, 1974: June, 483-484 
Bile, infected, postoperative sepsis and, 
1975: Dec., 1382 
Bile duct, division of, 1976: June, 636-637 
injury, postoperative jaundice and, 1974: 
June, 643 
surgery of, 1976: June, 649-666 
Biliary atresia, in newborns, 1976: April, 
373-377 
liver transplantation and, in children, 
1976: April, 473-474 
Biliary sepsis, antibiotic treatment of, 1975: 
Dec., 13'79-13890 
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Biliary tract, disease, roentgen examination 


Blood (Continued) 
of, 1974: June, 583-586 


radioisotopic measurement of, 1974: 


obstruction, extrahepatic, 1974: June, Feb., 39-55 
587-593 renal, anesthesia and, 1975: Aug., 
evaluation of, 1975: April, 419-425 775-786 


pancreatitis, 1975: April, 325-326 
stones, management of, 1974: June, 


splanchnic, anesthesia and, 1975: 
Aug., 787-794 


599-611 deliberate hypotension and, 1975: 
strictures, management of, 1976: June, Aug., 950 
655-660 to index finger, 1974: Dec., 1358-1359 
transhepatic intubation for, 1976: Feb., gases, in acute respiratory distress, 1974: 
73-81 Oct., 1043-1044 


Bilirubin, in postsurgical jaundice, 1975: 
Feb., 12-13; 1974: June, 638-640 
Biochemical monitoring, surgical, 1975: 


in hemorrhagic shock, 1975: Feb., 16 
in injured patient, 1975: Feb., 37 
tensions of, 1974: Oct., 952-953 


Feb., 11-20 arterial, 1974: Oct., 1022 
Biopsy. See also names of specific organs. transport system for, 1974: Oct., 945- 

of esophageal epithelium, 1976: Feb., 948 
43-45 glucose. See Hypoglycemia. 

of esophagus, for malignancy, 1976: oxygen saturation of, 1975: June, 627- 
Feb., 139 i 658 

of kidney, in renal hypertension, 1974: platelets, adhesion, arterial prostheses 
April, 356 and, 1974: Feb., 225 


of pancreas, 1975: April, 368 
of renal masses, needle aspiration, 1976: 
Feb., 163 
Bleeding. See Hemorrhage. 
Blood, acid-base status of, 1976: Oct., 1050- 


pressure, arterial, 1975: Oct., 1223-1225; 
1976: Aug., 979-980 
construction of aortofemoral bypass 
graft and, 1975: Oct., 1140 
geriatric patient and, 1975: Aug., 


1057 942-943 
banked, pulmonary emboli and, 1974: in trauma and sepsis, 1976: Oct., 1171- 
Oct., 1049 1173 
clotting problems, after cardiopulmonary in vascular disease, 1974: Feb., 15, 18, 
bypass, 1974: Oct., 1206-1210 20 
arterial prostheses and, 1974: Feb., left atrial, 1975; Oct., 1226-1227 
213-228 of skin, in occlusive arterial disease, 
determinations, in injured patient, 1975: 1974: Feb., 47-53 
Feb., 34 radioisotopic measurement of, 1974: 


Feb., 39-55 
renal artery construction and, 1974: 


dilution of, 1975: June, 659-678 
disorders, spleen pathology in, 1975: April, 


233-251 Feb., 257-269 
splenectomy in, 1975: April, 253-275 systolic, ankle, 1974: Feb., 15, 27, 29, 
electrical conductivity of, 1974: Feb., 107 
87-88 venous, 1975: Oct., 1225-1226; 1976: 
flow, after profundaplasty, 1974: Feb., Aug., 980, 982, 985 
95-109 sickle cell disease, surgery in, 1976: 
arterial prostheses and, 1974: Feb., Feb., 55-71 
213-228 substitutes, stroma-free hemoglobin as, 
auscultation, ultrasound and, 1974: 1975: Feb., 3-10 
Feb., 26 sugar, deficiency. See Hypoglycemia. 
cerebral, anesthesia and, 1975: Aug., sepsis and, 1976: Oct., 1177-1178 
819-836 transfusions, aortofemoral bypass grafting 


coronary, 1976: Aug., 938-940 
anesthesia and, 1975: Aug., 771 
external counterpulsation and, 1975: 


and, 1975: Oct., 1140-1141 
hemodilution and, 1975: June, 667-668 
storage and, 1975: June, 646-649 


June, 566 vessels, after cardiopulmonary bypass, 
hepatic, anesthesia and, 1975: Aug., 1974: Oct., 1203-1221 

788-790 after pulmonary embolus, 1974: Oct., 
collateral circulation and, 1974: Dec., 1108-1111 

1250 extreme hemodilution and, 1975: June, 
in vascular disease, 1974: Feb., 16, 18, 673-674 

23-38 great, trauma to, 1974: Oct., 1189-1191 


in calf, 1974: Feb., 78-79, 107 
intrahepatic, 1974: Dec., 1247-1249 
measurement of, in femoropopliteal 

grafts, 1974: Feb., 85-94 
pulmonary, disturbances in infants, 

1975: Feb., 94-98 


heart and, in emergencies, 1975: June, 
483-499 

intracranial, microsurgery and, 1976: 
June, 787-790 

metabolic expenditure and, 1975: June, 
521-522 
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Blood (Continued) 
vessels, peripheral resistance of, 1975: 
June, 493-494, 497 
volume, cerebral, intracranial pressure 
and, 1975: Aug., 914-915 
detection of, 1976: Oct., 1139-1141 
hemorrhage and, 1976: Oct., 1135-1136 
shock and, 1975: June, 719 
systemic function curve and, 1975: 
June, 492-493 
Body sculpturing techniques, 1975: Feb., 
151-165 
Body weight, fluids and electrolytes and, 
1976: Oct., 1036 
Bone, radionuclide imaging of, 1975: 
June, 745-746 
Bowel. See Colon; Intestines. 
small, obstructions in newborn, 1976: 
April, 329-348 
prophylactic antibiotics and, 1975: 
Dec., 1315 
Brachial plexus, thoracic outlet com- 
pression, 1974: Feb., 155-164 
Brachial plexus block, axillary peri- 
vascular technique of, 1975: Aug., 
863-869 
interscalene technique of, 1975: Aug., 
874-877 
subclavian perivascular technique of, 
1975: Aug., 869-873 
Brachioradialis muscle, transfer of, 1976: 
June, 675-676 
Brain, ischemia, arterial reconstruction for, 
1974: Feb., 289-255 
radionuclide imaging of, 1975: June, 746- 
748 
scans, anesthesia and, 1975: Aug., 925- 
926 
in trauma patient, 1975: Feb., 39 
stem, compression of, anesthesia and, 
1975: Aug., 919 
tumors, microsurgery and, 1976: June, 


782-783 
Breast, aspiration biopsy of, 1975: Oct., 
1027-1028 
augmentation and reduction, 1975: Feb., 
155-161 
biopsy, partial mastectomy and, 1975: 
Oct., 1065 
carcinoma of, inflammatory, 1974: Aug., 
801-810 
potentially curable, 1974: Aug., '793- 
800 , 
results of treatment of, 1976: Feb., 
103-109 


Bronchogenic carcinoma. See Lung, 
carcinoma. 
Bronchospasm, postanesthetic, 1975: Aug., 
988 
Burns, acute respiratory distress and, 1974: 
Oct., 1047 
excision and grafting for, in children, 
1976: April, 477-494 
hypermetabolism and, 1976: Oct., 1004- 
1010 
infections and, control of, 1975: Dec., 
1264-1266 
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Buttocks, surgical sculpturing, 1975: Feb., 


162-164 


Bypass, esophageal, following malignancy, 


1976: Feb., 141-142 
graft, axillofemoral, in aorto-iliac disease, 

1974: Feb., 203-204 

bilateral aortofemoral, 1975: Oct., 
1137-1157 

cross-femoral, in iliac disease, 1974: 
Feb., 204-205 

for chronic hemodialysis, 1975: Oct., 
1130-1133 

material for, 1975: Oct., 1150 

myocardial infarction and, 1975: Oct., 
1175-1180 


CALCITONIN, medullary thyroid cancer and, 
1974: April, 313, 315, 319 
Calcium, shock and, 1975: June, 727 
Calf, skin blood pressure measured on, 
1974: Feb., 45-47 
thrombi in, 1974: Feb., 229-230, 232 
Cancer. See Carcinoma. 
Cannula, tracheal, removal in children, 
1976; April, 273-276 
venting, cardiopulmonary bypass and, 
1975: Oct., 1212-1213 
Capillaries, endothelial regeneration of, 
1976: Oct., 1127-1128 
injury of, microthrombi and, 1976: Oct., 
1118-1119 
Capsular checkrein, of knee, 1974: Dec., 
1317-1323 
Carbimazole, for hyperthyroidism, 1974: 
April, 293 
Carcinoid, in children, 1974: April, 381-382 
Carcinoembryonic antigen, colonic car- 
cinoma and, 1976: Feb., 195-196 
Carcinoid syndrome, 1974: April, 409-423 
Carcinoma. See also Tumors. 
bronchogenic. See Lung, carcinoma. 
chemotherapy. See Chemotherapy. 
gastric. See Stomach. 
medullary, thyroidectomy and, 1975: Oct., 
1045 
of bile duct, 1976: June, 661-662 
of breast. See Breast. 
of colon. See Colon. 
of duodenum. See Duodenum. 
of esophagus. See also Esophagus. 
1976: June, 571-580 
of gallbladder, 1976: June, 660-661 
of head and neck. See also under Head, 
and neck. 
repair after surgery, 1974: Aug., 
767-786; 1976: April, 508-510 
of kidney, 1976: Feb., 149-174 
of liver. See Liver. 
of lung. See Lung. 
of ovaries, combined therapy in, 1974: 
Aug., 897-904 
of pancreas. See Pancreas. 
of prostate, I-125 implantation and, 1974: 
Aug., 887-895 
of rectum. See Rectum. 
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Carcinoma (Continued) 
of stomach. See Gastric; Stomach. 
of thyroid, in children, 1974: April, 378 
incidence and diagnosis, 1974: April, 
277-278 
medullary, 1974; April, 309-323 
radiation induced, 1976: Feb., 199-205 
types, 1974: April, 283-284, 286-287 
of tongue, 1974: Aug., 759-765 
of tonsil. See Tonsil. 
papillary, thyroidectomy and, 1975: Oct., 
1044 
polypoid, 1974: June, 705-706 
repair of abdominal aortic aneurysm and, 
1974: Feb., 189 
roentgen therapy for. See Roentgen 
therapy. 
therapy for, complications of, 1976: 
April, 531, 533-534 
surgery for, symposium on, 1974: Aug., 
755-922 
transplantation of organs and, 1974: 
Aug., 871-876 
Cardiac. See also Heart. 
arrhythmias. See Arrhythmias. 
output, hemodilution and, 1975: June, 
663 
intra-aortic balloon counterpulsation in, 
1975: June, 545-559 
low, external counterpulsation and, 
1975: June, 561-572 
syndromes of, intra-aortic balloon 
pumping for, 1975: Feb., 101-106 
measurement of, 1975: Oct., 1227-1228; 
1975: June, 485-490, 509-510 
in surgical patients, 1975: June, 
521-529 
peripheral vasodilators and, 1975: 
June, 531-544 
regulation of, 930-931 
shock and, 1975: June, 718-719 
trauma, 1975: Feb., 48-55; 1976: Oct., 
ila Vesy/ 
Cardiogenic shock, intraaortic balloon 
pumping in, 1975: Feb., 101-102 
Cardiopulmonary bypass, acute respiratory 
distress and, 1974: Oct., 1046-1047 
cannulation for, heart disease and, 1975: 
Oct., 1205-1215 
open heart surgery and, 1975: Oct., 
1221-1222 
postperfusion syndrome, 1975: Feb., 104 
pulmonary cellular alterations following, 
1974: Oct., 1203-1221 
Cardiopulmonary resuscitation, in heart 
_ trauma, 1975: Feb., 47 
Cardiovascular failure, 1976: Aug., 929- 
943 
Cardiovascular function, balloon flotation 
catheter and, 1975: June, 501-520 
Cardiovascular physiology, in acute 
emergencies, 1975: June, 483-499 
Carpus, hand and, ligaments of, 1974: 
Dec., 1264-1265 
Catabolism, chronic, 1976: Oct., 1189 
surgical, 1976: Oct., 1206 
Catecholamines, metabolism and, 1976: 
Oct., 999-1002 


1497 


Catheter, balloon flotation, cardiovascular 
function and, 1975: June, 501-520 
nasal, for oxygen, 1975: Oct., 1237 
Catheterization, cardiac, pulmonary evalua- 
tion and, 1974: Oct., 1025, 1030 
ureteral, in renovascular hypertension, 
1974: Feb., 258 
Cautery, wound healing and, 871- 
872 
Celestin tube palliation, in esophageal car- 
cinoma, 1976: June, 577-578 
Cells, function, shock and, 1976: Oct., 
1062-1064 
injury and, 1976: Oct., 1121-1122 
mass, extracellular tissues and, 1976: 
Oct., 1024-1028 
Central nervous system. See Nervous sys- 
tem, central. 
Central venous pressure. See Blood, 
pressure. 
Cerebral angiography, in trauma patient, 
1975: Feb., 40 
Cerebrovascular insufficiency, surgery for, 
1974: Feb., 239-255 
ultrasound assessment of, 1974: Feb., 
31-34 
Cervical plexus block, interscalene tech- 
nique of, 1975: Aug., 880-881 ; 
Chemonucleolysis, for low back pain and 
sciatica, 1975: Feb., 181-197 
Chemotherapy, for carcinoma, colorectal, 
1976: Feb., 186-187, 237-238; 1974: 
June, 730 
wound healing and, 1976: Aug., 869- 
870 
in carcinomatous and leukemic menin- 
gitis, 1974: Aug., 915-922 
in oral and pharyngeal cancer, 1975: 
Feb., 111-114 
in ovarian carcinoma, 1974: Aug., 899- 
902 
in rhabdomyosarcoma in children, 1974: 
Aug., 849-856 
Chest, crushed, work of respiration and, 
1974: Oct., 959-961 
great arteries of, surgical anatomy of, 
1974: Dec., 1803-1312 
trauma, acute respiratory distress and, 
1974: Oct., 1048 
Children. See also Adolescents; Infants. 
airway management in, 1976: April, 
263-279 
endocrine surgery in, 1974: April, 363- 
385 
hereditary spherocytosis in, timing of 
splenectomy for, 1975: April, 263 
pancreatic disorders in, 1975: April, 3'7'7- 
385 
protein and calorie requirements of, 1976: 
Oct., 1218-1219 
sickle cell disease in, surgery for, 1976: 
Feb., 55-71 
splenectomy in, 1975: April, 449-460 
symposium on surgery in, 1976: April, 
243-535 
Chloride, body, total, 1976: Oct., 1023 
Chloroform, biodegradation and organ 
toxicity of, 1975: Aug., 812 
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Cholangiography, intravenous, in obstruc- 
tive jaundice, 1974: June, 573-574 
operative, 1974: June, 599-602 
transhepatic, 1974: June, 587-593; 1976: 
June, 616 
transjugular, 1976: June, 616 
Cholangitis, acute, obstructive, suppurative, 
1974: June, 606-607 
antibiotic therapy for, 1975: Dec., 1388 
sclerosing, 1976: June, 662-663 
Cholecystectomy, 1976: June, 547-557, 
649-666 
abdominal aortic aneurysm resection and, 
1974: Feb., 188-189 
in children with sickle cell anemia, 1976: 
Feb., 67 
Cholecystitis, acute, management of, 1974: 
June, 607 
Choledochojejunostomy, 1976: June, 641 
Choledocholithiasis, 1976: June, 653 
Choledochostomy, 1976: June, 653-654 
Cholelithiasis, after splenectomy in 
children, 1975: April, 458 
Cholera, pancreatic, 1975: April, 310-312 
Chromaffin tissue tumors. See Pheochromo- 
cytoma. 
Chromatography, gas, in anaerobic surgical 
infection, 1975: Feb., 26-27 
Chylothorax, in infants, 1974: Oct., 1151 
Chymopapain, in chemonucleolysis for back 
pain, 1975: Feb., 182, 196-197 
Circulation. See also Blood, vessels. 
assisted, coronary artery disease and, 
1976: Feb., 83-94 
collateral, portal hypertension and, 1974: 
Dec., 1249-1254 
vascular disease and, 1974: Feb., 14, 65 
limb, after profundaplasty, 1974: Feb., 
103-105 
infected vascular prostheses and, 1975: 
Dec., 1415-1416 
oxygen delivery and, 1976: Aug., 929-943 
pulmonary embolism and, 1976: Aug., 
892-893 
Cirrhosis, hypersplenism in, 1975: April, 
280-281 
portal hypertension with, 1975: April, 462 
Claudication, intermittent, 1974: Feb., 29, 
91 
profundaplasty for, 1974: Feb., 101, 103 
Clavicle, ligaments of, 1974: Dec., 
1262-1263 
Claviclectomy, in thoracic outlet com- 
pression, 1974: Feb., 163 
Coagulation, intravascular, disseminated, 
1976; Aug., 875-890 
stroma-free hemoglobin solution and, 
1975: Feb., 6-7 
Coarctation of aorta, in infants, 1975: 
Feb., 92-94 
Colectomy, 1976: Feb., 192-193 
for carcinoma, 1974: June, 711, 718-731 
ulcerative colitis, and, 1974: June, 681- 
685 
Colitis, granulomatous. See Granulomatous 
colitis. 
ulcerative. See Ulcerative colitis. 
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Collagen-vascular disease, hypersplenism 
in, 1975: April, 281-282 
Colloid cysts, of thyroid, 1974: April, 280 
Colon, atresia, in infants, 1974: June, 496 
carcinoma of, 1974: June, '713-731; 
1976: Feb., 175-187, 189-197 
antibiotic preparation in, 1975: Dec., 
1335-1341 
chemotherapy for, 1976: Feb., 237-238 
local éxcision for, 1974: Aug., 877-880 
pelvic surgery and, 1974: Aug., 881- 
886 
perforation, 1976: Feb., 192 
roentgen therapy for, 1974: June, 
733-740 
ulcerative colitis and, 1976: June, 723 
conduit, antirefluxing, 1976: June, 
733-742 
for urinary diversion, 1976: April, 427- 
438 
Crohn’s disease of. See Granulomatous 
colitis. 
diverticulitis of, 1974: June, 655-674 
hypertrophied, in children, 1976: April, 
349-359 
neomycin-tetracycline preparation of, 
1975: Dec., 1825-1330 
polypoid lesions of, carcinoma and, 1974: 
June, 699-712 
povidone-iodine preparation of, 1975: 
Dec., 1343-1348 
resection, for carcinoma, 1974: June, 
717-725 
surgery of, for diverticulitis, 1974: June, 
655-674 
toxic dilatation of, 1976: Feb., 95-102 
Colonoscopy, 1976: Feb., 177 
in gastrointestinal bleeding, 1974: June, 
558 
intraoperative, 1975: Feb., 140-141 
Colorectal surgery, antibiotic prophylaxis 
and, 1975: Dec., 1316-1317 
Colostomy, Hirschsprung’s disease and, 
1976: April, 356-358 
imperforate anus and, 1976: April, 388 
in infants, for Hirschsprung’s disease, 
1974: June, 498-501 
for imperforate anus, 1974: June, 
509-510 
rectal carcinoma and, 1974: June, 743 
Coma. See Shock. 
Commissurotomy, mitral, 1975: Oct., 1195- 
1197 
Complement fixation, in postsurgical 
septicemia and shock, 1975: Feb., 18 
Complications, aortofemoral grafts and, 
1974: Feb., 205-211 
balloon flotation catheters and, 1975: 
June, 516-518 
carotid endarterectomy and, 1975: Oct., 
1122-1123 
cerebral, of hypothermic arrest, 1976: 
April, 461-462 
duodenal ulcer and, 1976: Dec., 1239- 
1242 
gastric surgery and, 1976: Dec., 1413- 
1419 
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Complications (Continued) 
metabolic, hyperalimentation in 
children and, 1976: April, 406-409 
of cancer therapy, 1976: April, 531, 
533-534 
of coronary artery disease, mechanical 
circulatory assistance and, 1976: Feb., 
83-94 
of sickle cell disease, 1976: Feb., 58-61 
postanesthetic, 1975: Aug., 987-998 
visceral angiography and, 1976: Dec., 
1368-1371 
wound, 1976: Aug., 872-873 
Congenital heart disease, surgery for, 
palliative, 1975: Feb., 89-100 
Congestive heart failure, refractory, 1975: 
Feb., 102-103 
Conn’s syndrome, in children, 1974: April, 
371-372 
Constipation, Hirschsprung’s disease and, 
1976: April, 349-359 / 
Contractility, myocardial, evaluation of, 
1975: Feb., 81-88 
Coronary artery, right, obstructions of, 
1975: Oct., 1248-1254 
trauma to, 1975: Feb., 50-52 
Coronary artery disease, mechanical cir- 
culatory assistance and, 1976: Feb., 83- 
94 
Corticosteroids, peptic ulcer disease and, 
1976: Dec., 1487 
shock and, 1975: June, 726-727 
Coumarin, dextran and, 1975: June, 690 
Counterpulsation, external, low cardiac out- 
put states and, 1975: June, 561-572 
intra-aortic balloon, in low cardiac 
output states, 1975: June, 545-559 
Craniofacial deformities, reconstructive 
surgery for, 1975: Feb., 151-154; 1976: 
April, 495-512 
Critical care, physiologic approach to, 
symposium on, 1975: June, 479-753 
Crohn’s disease, 1976: June, 721-726. 
See also Regional enteritis. 
surgery for, 1974: June, 675-678 
Culdoscopy, 1974: April, 426 
Cushing’s disease, 1974: April, 449-470 
in children, 1974: April, 369 
Cyclopropane, biodegradation and organ 
toxicity of, 1975: Aug., 812 
characteristics of, 1975: Aug., 976-977 
ventricular function and, 1975: Aug., 767 
Cystectomy, carcinoma of colon and, 1974: 
Aug., 884 
Cysts, acute pilonidal, 1975: Oct., 1025 
Bartholin’s, 1975: Oct., 1026 
choledochal, 1976: June, 664-665 
of urinary tract, in newborns, 1974: June, 
527-523 
Cytoscopy, in renovascular hypertension, 
1974: Feb., 258 


DEHYDRATION, surgical patient and, 1976: 
Oct., 1042-1044 
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Dexamethasone suppression test, in 
Cushing’s syndrome, 1974: April, 454, 456 
Dextran, postoperative thromboembolism 
and, 1975: June, 679-696 
Diabetes, femorotibial bypass grafts and, 
1974: Feb., 80-81 
Diaphragm, congenital posterolateral 
hernia of, 1976: April, 317-327 
injuries of, 1974: Oct., 1187-1188 
Diarrhea, peptic ulcer disease and, 1976: 
Dec., 1359-1361 
postvagotomy, 1976: June, 611; Dec., 
1461-1468 
unexplained, in Zollinger-Ellison syn- 
drome, 1975: April, 310-312 
Diazepam (Valium), general anesthesia and, 
1975: Aug., 856-857 
Diethyl ether, biodegradation and organ 
toxicity of, 1975: Aug., 812 
characteristics of, 1975: Aug., 977 
ventricular function and, 1975: Aug., 
766-767 
Digitalis, anesthesia and, 1975: Aug., 
907-908 
preoperative, in repair of abdominal 
aortic aneurysm, 1974: Feb., 180 
shock and, 1975: June, 727 
Diverticula, congenital, intestinal, 1974: 
Dec., 1871-1377 
Diverticulitis, of colon. See Colon. 
Dobutamine, shock and, 1975: June, 726 
Dorsal root ganglia, radiofrequency elec- 
trocoagulation for pain, 1975: Feb., 
176-178 
Drains, wound healing and, 1976: Aug., 
870 
Dressings, wound healing and, 1976: Aug., 
871 
Drugs. See also specific names. 
analgesic, management of abuses of, 
1975: Aug., 1004-1008 
antibiotic, risks in usage of, 1975: Dec., 
1303-1308 
antihypertensive, anesthesia and, 1975: 
Aug., 906-907 
dissociative, ventricular function and, 
1975: Aug., 769-770 
neuromuscular blocking, ventricular 
function and, 1975: Aug., 769-770 
vasoactive, cerebral blood flow and 
metabolism and, 1975: Aug., 829 
in treatment of shock, 1975: June, 
721-728 
Ductus arteriosus, patent, 1975: Feb., 90- 
92 
Duodenal obstruction, from annular 
pancreas, 1975: April, 377-379 
Duodenography, in obstructive jaundice, 
1974: June, 580-586 
Duodenoscopy, intraoperative, 1975: Feb., 
138 
Duodenum, atresia, in infants, 1974: June, 
491-494 
in newborns, 1976: April, 331-333 
carcinoma of, 1976: June, 719 
lesions of, 1976: June, 709-720 
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Duodenum (Continued) 
membranous obstruction of, in newborns, 
1976: April, 335-337 
ulcer, bleeding, 1976: Dec., 1865-1373, 
1375-1386, 1387-1393 
in infants, 1974: June, 519 
chronic, gastric acid hypersecretion 
and, 1975: April, 304-307 
marginal, 1976: Dec., 1435-1444 
pathogenesis of, 1976: Dec., 1479-1483 
surgery for, 1974: June, 535-543 
vagotomy for, 1975: Oct., 1089-1100 
vascular compression of, anatomic basis 
of, 1974: Dec., 1861-1370 


ECHOCARDIOGRAPHY, in cardiac trauma, 
1975: Feb., 45 
Elbow, forearm and, ligaments of, 1974: 
Dec., 1263-1264 
fractures, 1976: June, 670-671 
Electrocardiography, in pulmonary 
embolism, 1974: Oct., 1095 
Electrocoagulation, in rectal carcinoma, 
1974: June, 735-736 
radiofrequency, percutaneous, for chronic 
pain, 1975: Feb., 167-179 
Electrolyte, concentration, muscle relaxa- 
tion and, 1975: Aug., 844-845 
Electromagnetic flowmeter, femoro- 
popliteal grafts and, 1974: Feb., 85-94 
Elliptocytosis, hereditary, spleen pathology 
in, 1975: April, 236-237 
Embolectomy, pulmonary, 1974: Feb., 237; 
Oct., 1110-1111 
Embolectomy, pulmonary, 1976: Aug., 
903-904 
Embolism, fat, 1975: June, 617 
acute respiratory distress and, 1974: 
Oct., 1048-1049 
pulmonary, 1974: Feb., 229-238; Oct., 
1089-1106; 1976: Aug., 891-907 
after blood transfusion, 1974: Oct., 
974-975 
lower limb thrombosis and, 1974: Feb., 
oy 
surgical management of, 1974: Oct., 
1107-1113 
Emergencies, abdominal, in newborns, 
1974: June, 489-527 < 
Emphysema, bullous resection and, 1974: 
Oct., 1193-1202 
Encephalography, contrast, anesthesia and, 
1975: Aug., 924 
Encephalopathy, hepatic, esophageal 
varices and, 1975: April, 472 
Endarterectomy, aortofemoral bypass 
grafting and, 1975: Oct., 1143 
carotid, 1975: Oct., 1111-1124; 1974: 
Dec., 1291-1296 
anesthesia for, 1975: Aug., 830-831 
for aorto-iliac disease, 1974: Feb., 195- 
212 
for cerebral ischemia, 1974: Feb., 239- 
255 
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Endarterectomy (Continued) / 
for renovascular hypertension, 1974: 
Feb., 262-268 
renal artery, 1976: June, 769-773 
right coronary artery obstructions and, 
1975: Oct., 1252, 1254 
Endocrine disorders, peptic ulcer and, 
1975: April, 313-316 
Endocrine glands. See also specific glands. 
plasma protein and, 1976: Oct., 1185- 
1145 
post-traumatic metabolism and, 1976: 
Aug., 807-810 
surgery of, in children, 1974: April, 
363-385 
symposium on, 1974: April, 275-470 
Endometriosis, 1974: April, 431 
Endoscopy, in gastrointestinal bleeding, 
1974: June, 549-559; 1976: June, 
696; Dec., 1382-1383 
in children, 1976: April, 423 
in pancreatic disease, 1976: June, 617- 
618 
in postoperative alkaline reflux gastritis, 
1976: Dec., 1449-1450 
intestinal, intraoperative, 1975: Feb., 
135-142 
pelvic, 1974: April, 426 
vascular, 1974: Feb., 111-122 
Endothelium, degeneration of, 1976: Oct., 
1121 
Enflurane, biodegradation and organ 
toxicity of, 1975: Aug., 815 
characteristics of, 1975: Aug., 980 
ventricular function and, 1975: Aug., 767 
Enteral feeding, in trauma and sepsis, 
1976: Oct., 1204-1205, 1207-1209 
Enterochromaffin cells, 1974: April, 409 
Enterocolitis, necrotizing, of newborn, 
1974: June, 517-518; 1976: April, 281- 
298 
Enzymes, hepatic, in postsurgical 
monitoring, 1975: Feb., 14 
Epispadias, clinical manifestations of, 1974: 
Dec., 1385-1388 
Epithelium, degeneration of, 1976: Oct., 
1121 
Erythromycin, in bowel surgery, 1975: 
Dec., 18381-1334 
Esophagitis, reflux. See also Gastro- 
esophageal reflux. 
Esophagogastrectomy, for carcinoma of 
esophagogastric junction, 1976: June, 
573-577 
Esophagoscopy, function testing and, 1976: 
Feb., 35, 42-43 
in gastroesophageal reflux, 1974: June, 
481 
in gastrointestinal bleeding, 1974: June, 
557-558 
intraoperative, 1975: Feb., 136-137 
malignancies and, 1976: Feb., 139 
Esophagostomy, cervical, 1975: Oct., 
1103-1105 
Esophagus, carcinoma of, results of treat- 
ment of, 1976: Feb., 187-147 
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Esophagus (Continued) 
deformities of, in children, 1976: April, 
299-315 
function testing of, 1976: Feb., 29-37, 
39-53 
prophylactic antibiotics and, 1975: Dec., 
1314-1315 
surgical dilation, 1974: June, 487-488 
trauma to, 1974: Oct., 1186-1187 
varices, 1975: April, 461-473 
gastrointestinal hemorrhage and, 1976: 
June, 699, 703, 705-706 
surgery for, 1974: June, 561-571 
Ethylene, characteristics of, 1975: Aug., 
978 
Etomidate, 1975: Aug., 858 
Evans’ syndrome, 1975: April, 261 
Exercise testing, leg, blood flow and, 1974: 
Feb., 39-44, 107 4 
pulmonary function and, 1974: Oct., 
1025 
Exstrophy, clinical manifestations of, 1974: 
Dec., 1388 
cloacal, clinical manifestations of, 1974: 
Dec., 1388-1390 
Exstrophy-epispadias complex, surgical 
embryology of, 1974: Dec., 1879-1390 
Extensor mechanism, of index finger, 1974: 
Dec., 1356-1357 
of knee, 1974: Dec., 1316-1317 
External pressure circulatory assist, 
coronary artery disease and, 1976: Feb., 
90-92 
Extracellular tissues, cell mass and, 1976: 
Oct., 1024-1028 
Extremities. See also Arm; Leg. 


FaciaAL deformities, new surgical tech- 
niques for, 1975: Feb., 151-154 
Fascia, deep cervical, surgical anatomy of, 
1974: Dec., 1297-1301 
Fat, peripheral feeding with, in children, 
1976: April, 397-400, 403-404 
Felty’s syndrome, hypersplenism in, 1975: 
April, 281-282 
Femoral artery, aneurysms of, 1975: Feb., 
70-71 
Femur, articular surface of, anatomy of, 
1974: Dec., 1314-1315 
fractures, 1976: June, 669 
Fiberoptics, cholangiopancreatography, 
1974: June, 593-594 
esophagogastroduodenoscopy, 1974: 
June, 556-557 
Fibrinogen, studies, in vascular disease, 
1974: Feb., 57-68, 69-70 
uptake test, venous thromboembolism 
and, 1974: Feb., 229-234, 237-238 
Fibrinolysis, for pulmonary embolism, 1974: 
Oct., 1100-1101 
Fibrosis, interstitial, acute respiratory in- 
sufficiency and, 1976: Oct., 1120-1121 
Fingers, deformities of, 1976: June, 682- 
683 
Fissure, anorectal, repair of, 1976: April, 
415 
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Fissure in ano, 1975: Feb., 143-150; 1976: 
June, 727-729 
Fistula, aortocaval, 1974: Feb., 190 
aortoduodenal, 1974: Feb., 190 
aortoenteric, 1976: June, 743-747 
arteriovenous, congenital, 1974: Feb., 
165-174 
detection of, 1974: Feb., 91 
complicating aortic aneurysm repair, 
1975: Feb., 68, 69 
for chronic hemodialysis, 1975: Oct., 
1125-1136 
rectoperineal, in infants, 1974: June, 
507-510 
rectourinary, imperforate anus and, 1976: 
April, 382 
tracheoesophageal, in children, 1976: 
April, 299-315 
Flail chest, pulmonary complications from, 
1974: Oct., 1182-1183 
Flaps, chest and shoulder, in pharyngostome 
repair, 1974: Aug., 767-786 
head and neck surgery and, 1976: June, 
593-598 
muscle transposition, for lower extremity 
defects, 1974: Dec., 1837-1354 
Flexor digitorum brevis, muscle trans- 
position and, 1974: Dec., 1352-1354 
Flexor digitorum longus, muscle trans- 
position and, 1974: Dec., 1338, 1342- 
1343, 1346 
Flexor mechanism, of index finger, 1974: 
Dec., 1357-1358 
Fluid volume monitoring, in injured patient, 
1975: Feb., 36 
Fluids, and electrolytes, acid-base balance 
and, 1976: Oct., 1019-1058 
in infants, 1974: Oct., 1147; 1976: 
April, 255-258 
open heart surgery and, 1975: Oct., 
1220 
extracellular, cells and, 1976: Oct., 1030- 
1032 
osmolality and, 1976: Oct., 1136-1138 
overexpansion of, 1976: Oct., 1044 
overload, acute respiratory distress and, 
1974: Oct., 1050-1053 
pulmonary, in heart failure, 1974: Oct., 
1077-1081 
5-Fluorouracil, in pancreatic carcinoma, 
1975: Feb., 118-119 
Fluroxene, biodegradation and organ 
toxicity of, 1975: Aug., 814 
characteristics of, 1975: Aug., 978 
ventricular function and, 1975: Aug., 
767 
Foot, ischemic, amputation for, 1974: 
Feb., 137-154 
ligaments of, 1974: Dec., 1266 
Forearm, fractures, 1976: June, 671 
Fractures, management of, 1976: June, 
667-672 
of ribs, pulmonary complications from, 
1974: Oct., 1181-1182 
open, antibiotics and, 1975: Dec., 1439- 
1444 
Fundoplication, Nisson, for reflux 
esophagitis, 1974: June, 486-487 
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GALACTOSE test, in postsurgical hepatic 
monitoring, 1975: Feb., 14 
Gallbladder, surgery of, 1976: June, 547- 
557, 649-666 
Gallstones, abdominal aortic aneurysm and, 
1974: Feb., 188-189 
in common duct, 1974: June, 599-611 
pancreatitis with, 1975: April, 325-326 
retained, 1976: June, 654-655 
postoperative jaundice and, 1974: 
June, 643 
Ganglioneuroblastoma, in children, 1974: 
April, 367-369 
Gangrene, antibiotic therapy of, 1975: 
Dec., 1403-1410 
Gas(es), anesthetic, explosive, 1975: Aug., 
975-985 
exposure to, 1975: Aug., 967-973 
flammability of, 1975: Aug., 963-966 
blood. See Blood, gases. 
in wound, 1975: Dec., 1289-1296, 1403- 
1410 
Gas chromatography, in anaerobic surgical 
infection, 1975: Feb., 26-27 
Gasserian ganglion electrocoagulation, for 
chronic pain, 1975: Feb., 168-172 
Gastrectomy, malabsorption following, 
1974: June, 647-651 
partial, 1976: Dec., 1350-1351 
peptic ulcer and, 1974: June, 535-543 
Gastric. See also Stomach. 
acid hypersecretion, in chronic duodenal 
ulcer, 1975: April, 304-307 
vagotomy and, 1976: Dec., 1267- 
1276 
bleeding, mucosal, antacid neutralization 
and, 1976: Feb., 21-27 
carcinoma, gastrointestinal hemorrhage 
and, 1976: June, 699, 704, 706 
cooling, bleeding duodenal ulcer and, 
1976: Dec., 1378-1380 
dumping, 1976: June, 610; Dec., 1352- 
1354 
emptying, 1976: Dec., 1277-1287 
delayed, 1976: Dec., 1413-1419 
outlet obstruction, vs. Zollinger-Ellison 
syndrome, 1975: April, 317 
surgery, disability after, 1976: June, 
607-613 
septic complications following, 1975: 
Dec., 18367-1372 
Gastrin, ulcer disease and, 1976: Dec., 
1249-1265 
Gastrinoma, 1975: April, 303- 
323 
Gastritis, alkaline, 1976: June, 608; Dec., 
1445-1459 
gastrointestinal hemorrhage and, 1976: 
June, 699, 704, 706 
Gastrocnemius, muscle transposition and, 
1974: Dec., 1338-1339 
Gastroduodenostomy, gastric emptying and, 
1975: Oct., 1021, 1023 
Gastroesophageal manometry, esophageal 
function and, 1976: Feb., 30-33, 43 
Gastroesophageal reflux. See also 
Esophagitis, reflux. 
hiatal hernia and, 1974: June, 475-488 
tests for, 1976: Feb., 33-35 
operative correction and, 1976: Feb., 
39-53 
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Gastrointestinal tract, carcinoma of, clinic 
for, 1976: Feb., 283-239 2 
endoscopic examination of, 1975: Feb., 
135-142 
fiberoptic examination. See also specific 
regions. 
fluids and electrolytes and, 1976: Oct., 
1040 « 
hemorrhage, 1976: June, 695-707 
endoscopy and, 1974: June, 549-559 
from esophageal varices, 1975: April, 
464 
in newborns, 1974: June, 518-519 
in children, 1976: April, 413-424 
pancreatic pseudocyst and, 1975: April, 
343 
pneumatosis cystoides intestinalis and, 
1975: Dec., 1297-1302 
radionuclide imaging of, 1975: June, 
741-742 
responses to injury and infection of, 
945-952 
surgery, antibiotic prophylaxis for, 1975: 
Dec., 1809-1318 
vascular occlusive disease and, 1976: 
June, 685-693 
Gastrojejunostomy, 1976: June, 641-642; 
Dec., 1350 
Gastroschisis, 1975: Feb., 130-134 
definition of, 1976: April, 362 
incarcerated, 1974: Dec., 1238-1239 
Gastroscopy, intraoperative, 1975: Feb., 
137-138 
Gastrostomy, after colon surgery, 1974: 
June, 729 
Gaucher’s disease, spleen pathology in, 
1975: April, 245-246 
Genu valgum deformity, 1975: Feb., 202 
Geriatric anesthesia, problems in, 1975: 
Aug., 929-945 
Glands. See specific gland. 
Glucagon, metabolism and, 1976: Oct., 
1003-1004 
shock and, 1975: June, 726 
Glucocorticoids, metabolism and, 1976: 
Oct., 1003-1004 
Gluconeogenesis, in trauma and sepsis, 
1976: Oct., 1080-1082, 1178-1183 
Glucose, blood, deficiency. See 
Hypoglycemia. 
sepsis and, 1976: Oct., 1177-1178 
fat conversion and, 1976: Oct., 1213 
kinetics, altered, 1976: Oct., 1013-1017 
metabolism, in trauma and sepsis, 1976: 
Oct., 1074-1076 
utilization, in trauma and sepsis, 1976: 
Oct., 1079-1080 
Goiter, thyroidectomy and, 1975: Oct., 
1042, 1044 
toxic, 1976: June, 541-546 
Grafts. See also Prostheses. 
aortofemoral, infection of, 1976: June, 
743-747 
arterial, from veins, 1974: Feb., 95-109 
axillofemoral bypass, extra-anatomic 
approach for, 1974: Feb., 125-130 
bypass, aortorenal, 1976: June, 773 
for aorto-iliofemoral disease, 1974: 
Feb., 195-212 
for cerebral ischemia, 1974: Feb., 239- 
255 
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Grafts (Continued) 
bypass, in renovascular hypertension, 
1974: Feb., 262-268 
prosthetic, for small and medium 
caliber arteries, 1974: Feb., 213-228 
right coronary artery obstructions and, 
1975: Oct., 1249-1254 
femorofemoral bypass, extra-anatomic 
approach for, 1974: Feb., 130-133 
femoropopliteal, blood flow measure- 
ment in, 1974: Feb., 85-94 
femorotibial bypass, monitoring of, 1974: 
Feb., '7'7-84 
for abdominal aortic aneurysm, 1974: 
Feb., 182-185 
in aneurysmal resection and repair, 1975: 
Feb., 57-80 
internal mammary artery, 1975: Oct., 
1187-1190 / 
obturator foramen bypass, extra- 
anatomic approach for, 1974: Feb., 
133-134 
renal. See Kidney, transplantation. 
skin, in pediatric burn therapy, 1976: 
April, 484-486 
tendon, in hand surgery, 1974: Aug., 
923-938 
Granulomatous colitis, surgery for, 1974: 
June, 686-687 
Graves’ disease, 1974: April, 299-300 
in children, 1974: April, 377 
thyroidectomy and, 1975: Oct., 1042, 1044 
Groin, infection, aortofemoral grafts and, 
1974: Feb., 205-209 
Growth hormone, metabolism and, 1976; 
Oct., 1004 
Gynecologic endocrine disorders, surgical 
considerations in, 1974: April, 425-442 
Gynecology, infections in, 1975: Dec., 
1373-1378 


HALOTHANE, biodegradation and organ 
toxicity of, 1975: Aug., 812-814 
characteristics of, 1975: Aug., 978-979 
ventricular function and, 1975: Aug., 767 
Hand, spastic, correction of, 1976: June, 
673-684 ; 
tendons of, repair of, 1974: Aug., 923- 
938 
Hartmann procedure, for rectal carcinoma, 
1974: June, 748 
Head and neck, carcinoma of, 1975: Feb., 
110-114; 1976: Feb., 125-136 
reconstructive surgery in, 1976: Feb., 
111-123 
ischemic, arterial reconstruction for, 
1974: Feb., 239-255 
reconstructive surgery in, 1974: Aug., 
767-786 
maxillofacial prosthesis after, 1974: 
Aug., 787-792 
surgery, flaps in, 1976: June, 593-598 
Heart. See also Cardiac. 
anesthetic agents and, 1975: Aug., 759- 
774 
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Heart (Continued) 
blood pressure and, 1976: Aug., 933-950 
deliberate hypotension and, 1975: Aug., 
949-950 
disease, anesthesia and, 1975: Aug., 
903-912 
cannulation for cardiopulmonary by- 
pass and, 1975: Oct., 1205-1215 
congenital, anesthesia and, 1975: 
Aug., 894 
failure, acute, systemic function and, 
1975: June, 496 
arteriovenous fistulae and, 1974: Feb., 
165 
clinical signs of, 1974: Oct., 1084-1086 
congestive, 1975: Aug., 910; 1975: 
Feb., 102-103 
peripheral vasodilators and, 1975: 
June, 532-537 
pulmonary effects of, 1974: Oct., 
1077-1087 
myocardial contractility, evaluation of, 
1975: Feb., 81-88 
output, low, intra-aortic balloon 
pumping for, 1975: Feb., 101-106 
radionuclide imaging of, 1975: June, 
733-735 
surgery, anesthesia for, 1975: Oct., 1217- 
1228; 1975: Aug., 893-902 
in newborns, 1976: April, 451-465 
respiratory care after, 1975: Oct., 


1229-1241 
palliative, in infants, 1975: Feb., 89- 
100 
trauma to, 1974: Oct., 1189, 1975: Feb., 
43-55 


vascular system and, in emergencies, 
1975: June, 483-499 
Heat, production, injury and, 1976: Oct., 
1015-1017 
Hematemesis, endoscopy and, 1974: June, 
552-554 
Hematologic disease, hypersplenism in, 
1975: April, 282-284 
spleen pathology in, 1975: April, 2833-251 
splenectomy in, 1975: April, 253-275 
Hematoma, perigraft, formation of, 1974: 
Feb., 225 
Hemicolectomy, 1976: Feb., 182 
Hemigastrectomy, in peptic ulcer, 1974: 
June, 535-543 
Hemipelvectomy, in advanced carcinoma, 
1974: Aug., 905-913 
Hemodialysis, arteriovenous fistulas for, 
1975: Oct., 1125-11386 
chronic, after transplantation, 1976: 
Feb., 15-19 
Hemodilution, physiologic description of, 
1975: June, 659-678 
systemic function and, 1975: June, 497- 
498 
Hemoglobin, stroma-free, as blood sub- 
stitute, 1975: Feb., 3-10 
Hemoglobin C disease, spleen pathology in, 
1975: April, 237-238 
Hemolytic anemias, autoimmune, spleen 
pathology in, 1975: April, 235-236 
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Hemolytic anemias (Continued) 
autoimmune, splenectomy for, 1975: 
April, 253-256 
congenital, hypersplenism in, 1975: 
April, 283 
spleen pathology in, 1975: April, 233- 
235 
splenectomy in, 1975: April, 261-264 
in children, splenectomy for, 1975: April, 
451 
Hemorrhage, after splenectomy, 1975: 
April, 299, 455-456 
blood volume and, 1976: Oct., 1135-1136 
duodenal ulcer and, 1976: Dec., 1239- 
1240 
from esophageal varices, 1975: April, 464 
gastric mucosal, antacid neutralization 
and, 1976: Feb., 21-27 
gastroduodenal, angiography and, 1976: 
Dec., 1365-1373 
gastrointestinal, 1976: June, 695-707 
in children, 1976: April, 413-424 
pancreatic pseudocyst and, 1975: April, 
343. See also Gastrointestinal tract, 
hemorrhage. 
in liver trauma, 1975: April, 401-402 
intracranial or pulmonary, in infants, 
1974: Oct., 1152 
peptic ulcer and, 1976: Dec., 1329, 13'75- 
1386 
reactionary, deliberate hypotension and, 
1975: Aug., 951 
biochemical monitoring in, 1975: Feb., 
15-18 
subarachnoid, anesthesia and, 1975: 
Aug., 920-921 
wound healing and, 1976: Aug., 860 
Hemothorax, following thoracic injury, 
1974: Oct., 1185-1186 
in infants, 1974: Oct., 1151 
open heart surgery and, 1975: Oct., 1234 
Heparin, dextran and, 1975: June, 690, 692 
for pulmonary embolism, 1974: Oct., 
1097-1099, 1107, 1109 
in repair of abdominal aortic aneurysm, 
1974: Feb., 182 
Heparinization, cardiopulmonary bypass 
and, 1975: Oct., 1220 
Hepatic. See also Liver. 
abscess, sickle cell disease and, 1976: 
Feb., 68 : 
encephalopathy, esophageal varices and, 
1975: April, 472 
gluconeogenesis, in trauma and sepsis, 
1976: Oct., 1081-1082 
Hereditary elliptocytosis, spleen pathology 
in, 1975: April, 236-237 
splenectomy in, 1975: April, 264 
Hereditary spherocytosis, spleen pathology 
in, 1975: April, 233-235 
splenectomy in, 1975: April, 261-264 
Hereditary thrombocytopenia, splenectomy 
in, 1975: April, 271 
Hernia, diaphragmatic, congenital, 1976: 
April, 317-327 
incarcerated, 1974: Dec., 1242, 1244~- 
1245 
epigastric, incarcerated, 1974: Dec., 
1236-1237 
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Hernia (Continued) , 

epiploic foramen of Winslow and, 1974: 
Dec., 1241-1242 

femoral incarcerated, 1974: Dec., 1229- 
1230 

hiatus, axial, 1974: June, 476-477 
gastroesophageal reflux and, 1974: June, 

475-488 

incarcerated, interparietal, 1974: Dec., 
1229-1230 

inguinal, incarcerated indirect, 1974: 

Dec., 1227-1228 

lateral ventral, incarcerated, 1974: Dec., 
1237-1238 

lumbar, incarcerated, 1974: Dec., 1235- 
1236 

obturator, incarcerated, 1974: Dec., 
1230-1231 

paraduodenal, strangulated, 1974: Dec., 
1238-1240 

paraesophageal, 1974: June, 475-479 

perineal, incarcerated, 1974: Dec., 1234 

retroanastomotic, incarcerated, 1974: 
Dec., 1242-1243 

sciatic, incarcerated, 1974: Dec., 1230, 


1232 

supravesical, incarcerated, 1974: Dec., 
1232-1234 

transmesenteric, incarcerated, 1974: 
Dec., 1241 

transomental, incarcerated, 1974: Dec., 
1239-1240 

umbilical, incarcerated, 1974: Dec., 
1236 

5-HIAA test, in carcinoid syndrome, 1974: 
April, 417 


Hiatus hernia. See Hernia, hiatus. 
Hidradenitis suppurativa, perianal, 1975: 
Oct., 1107-1109 
Hill repair, for reflux esophagitis, 1974: 
June, 483, 485-486 
Hip, infection, prosthetic arthroplasty and, 
1975: Dec., 1431-1437 
fractures, 1976: June, 669 
joint, ligaments of, 1974: Dec., 1265 
surgical anatomy of, 1974: Dec., 182'7- 
1335 
Hirschsprung’s disease, in infants, 1974: 
June, 497-501 
in newborns, 1976: April, 349-359 
Hirsutism, in women, 1974: April, 
433 
Histaminase, medullary thyroid cancer and, 
1974: April, 314 
Hodgkin’s disease, hypersplenism in, 1975: 
April, 282 
spleen pathology in, 1975: April, 242-245 
staging, splenectomy in, 1975: April, 267- 
269 
Hollander test, in peptic ulcer, 1974: June, 
532-533 
Hormones. See also specific hormone. 
antidiuretic, metabolism and, 1976: Oct., 
1033-1034 
extracellular osmolality and, 1976: Oct., 
1137-1138 
metabolism and, 1976: Oct., 999-1018 
neural control of, 1976: Oct., 1138-1139 
trauma and, 1976: Oct., 1158 
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Horseshoe kidney, aortic aneurysm with, 
1975: Feb., 69 
Humerus, fractures, 1976: June, 670 
Hyaline membrane, ventilation and, 1976: 
Oct., 1109-1111 
Hydrocephalus, anesthesia and, 1975: 
Aug., 919 
Hydrocolpos, in infants, 1974: June, 522- 
523 
Hyperaldosteronism, in children, 1974: 
April, 371-372 
primary, 1974: April, 449-470 
Hyperalimentation. See also Parenteral 
nutrition. 
albumin and, 1976: Oct., 1154 
in infants and children, 1976: April, 
395-412 
Hyperbilirubinemia, evaluation of, 1975: 
April, 419-425 4 
postoperative, 1975: April, 409-418 
Hypercarbia, postanesthetic, 1975: Aug., 
988-989 
Hypercorticism, adrenal, 1974: April, 
449-470 
Hyperkalemia, acute, muscle relaxants and, 
1975: Aug., 917 
postoperative, 1975: Aug., 994 
renal transplantation and, 1976: Feb., 17 
Hyperlipidemia, acute pancreatitis and, 
1975: April, 326 
Hypermetabolism, hormones and, 1976: 
Oct., 1004-1010 
Hyperparathyroidism, pathology of, 1974: 
April, 443-447 
peptic ulcer and, 1975: April, 313-315 
Hypersplenism, 1975: April, 277-285 
in children, splenectomy for, 1975: April, 
451 
Hypertelorism, 1976: April, 502-506 
Hypertension, anesthesia and, 1975: Aug., 
909-910 
arterial, systemic, 1974: Feb., 15 
hypokalemia and, differential diagnosis, 
1974: April, 463 
portal, bleeding esophageal varices with, 
1975: April, 461-473 
in children, splenectomy for, 1975: 
April, 451 
surgical treatment of, 1974: Dec., 
1247-1257 
postresuscitative, 1976: Aug., 963-965 
pulmonary, 1975: June, 617 
pulmonary capillary, 1974: Oct., 1054- 
1056 
renal, 1974: April, 349-361 
renovascular, 1974: Feb., 25'7-269 
surgery for, 1976: June, 767-780 
Hyperthyroidism, in children, 1974: April, 
Sits 
nonsurgical treatment of, 1976: June, 
541-546 
pregnancy and, 1974: April, 300-301 
radioactive iodine for, 1974: April, 296- 
297 
thioamide therapy for, 1974: April, 293- 
296 
thyroidectomy and, 1975: Oct., 1042, 1044 


1505 


Hyperthrombocytosis, after splenectomy in 
children, 1975; April, 458 
Hypertonicity, solute loading and, 1976: 
Oct., 1045 
Hypocalcemia, in newborn surgical patients, 
1976: April, 249-251 
parathyroid disease and, 1975: Oct., 
1059, 1062 
Hypoglycemia, in children, 1974: April, 
380-381; 1975: April, 381-383 
postsurgical, 1975: Feb., 18 
Hypokalemia, hypertension and, differ- 
ential diagnosis, 1974: April, 463 
Hypophysectomy, in inflammatory breast 
carcinoma, 1974: Aug., 806 
microsurgery and, 1976: June, 783-784 
Hypotension, anesthesia and, 1975: Aug., 
909-910 
deliberate, brain surgery and, 1975: 
Aug., 831-832 
intraoperative, 1975: Aug., 947-957 
postoperative, 1975: Aug., 992 
vasodilator therapy and, 1975: June, 
538-540 
Hypothermia, cerebral complications of, in 
newborns, 1976: April, 461-462 
postoperative, 1975: Aug., 995 
renal, intraoperative, 1976: June, 760- 
762 
Hypotonicity, surgical patient and, 1976: 
Oct., 1045-1046 
Hypovolemia, in injured patient, 1975: 
Feb., 36 
renal response to, 1976: Aug., 958-959 
systemic function and, 1975: June, 497 
Hypoxemia, postanesthetic, 1975: Aug., 
990 
postoperative, 1975: Oct., 1230-1234 
Hypoxia, cerebral, anesthesia and, 1975: 
Aug., 823-824 
Hysterectomy, carcinoma of colon and, 
1974: Aug., 882-884 


IcTERUS. See Jaundice. 

Idiopathic thrombocytopenic purpura, 
spleen pathology in, 1975: April, 238- 
239 

splenectomy for, in children, 1975: April, 
450-451 

Ileal loop, reconstruction after, 1976: April, 
442-447 

lleitis, regional, management of, 1974: 
June, 675-678 

Ileofemoral aneurysm, 1975: Feb., 70, 71 

Ileostomy, ulcerative colitis and, 1974: 
June, 681-685 

Ileum, atresia, in infants, 1974: June, 

494-496 
obstruction of, in newborns, 1976: April, 
339-347 
resection of, malabsorption after, 1974: 
June, 652 
Immune system, anesthesia and, 1975: 
Aug., 795-799 
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Immunologic thrombocytopenic purpura, 
splenectomy in, 1975: April, 256-260 
Immunosuppression, pediatric burn therapy 
and, 1976: April, 487 
transplantation and, 1974: Aug., 873-874; 
1975: Dec., 1419-1430 
wound healing and, 1976: Aug., 869-870 
Immunotherapy, for colorectal carcinoma, 
1976: Feb., 185-186 
for lung cancer, 1976: Feb., 219-231 
Implant(s), alloplastic, in facial sculpturing, 
1975: Feb., 152-154 
in breast augmentation, 1975: Feb., 155- 
156 
Inderal. See Propranolol. 
Index finger, anatomy of, 1974: Dec., 1855- 
1360 
Infants. See also Children. 
abdominal surgical emergencies in, 1974: 
June, 489-527 
airway management in, 1976: April, 263- 
279 
cardiac surgery in, palliative, 1975: 
Feb., 89-100 
nutrition and, 1976: Oct., 1218-1221 
omphalocele and gastroschisis in, 1975: 
Feb., 129-134 
pancreatic disorders in, 1975: April, 
377-385 
physiologic considerations in, 1976: April, 
245-261 
pulmonary complications in, 1974: Oct., 
1137-1154 
respiratory distress syndrome in, 1974: 
Oct., 985-986 
splenectomy in, 1975: April, 449- 
460 
Infarction, myocardial, shock with, intra- 
aortic balloon pumping in, 1975: Feb., 
101-102 
Infection, after splenectomy, in children, 
1975: April, 456-458 
anaerobic, postoperative, 1975: Feb., 
21-30 
complicating aortofemoral grafts, 1974: 
Feb., 205-209 
etiology of, 1976: Aug., 817-829, 847- 
857 
hypermetabolism and, 1976: Oct., 
1004-1010 
hypersplenism with, 1975: April, 284 
in newborn surgical patients, 1976: April, 
251-255 
inflammation and localization of, 1976: 
Aug., 831-846 
intra-abdominal, bacteriology of, 1975: 
Dec., 1349-1354 
mycotic, of abdominal aneurysms, 1975: 
Feb., 69-70 
operating room conduct and, 1975: Dec., 
1283-1287 
staphylococcal, postpartum, 1975: Dec., 
W377 
streptococcal, postpartum, 1975: Dec., 
1376 
surgical, biology of, 1975: Dec., 1261- 
1267 
nurse epidemiologist and, 1975: Dec., 
1277-1282 
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Infection (Continued) 
surgical, symposium on, 1975: Dec., 
1259-1444 
synthetic arterial graft and, 1974: Feb., 251 
wound, incidence of, 1975: Dec., 1269- 
1275 
Inguinal hernia. See Hernia. 
Injured patient, evaluation of, new 
techniques in, 1975: Feb., 31-42 
Injured patient, evaluation of, new tech- 
niques in, 1975: Feb., 31-42 
Injuries. See also Trawma; Wounds; and 
names of organs. 
homeostatic response to, 1976: Oct., 
1015-1017 
tracheobronchial, inhalation of fumes 
and, 1976: Oct., 1098 
Insulin, metabolism and, 1976: Oct., 
1002-1003 
resistance, in trauma and sepsis, 1976: 
Oct., 1178-1180 
Intensive care. See Critical care. 
Intestines. See also specific parts and 
names of disorders. 
atresia, in infants, 1974: June, 489-497 
duplication, in newborns, 1974: June, 


522-525 

endoscopy, intraoperative, 1975: Feb., 
135-142 

infarction, nonocclusive, 1974: June, 
689-698 


malrotation, in infants, 1974: June, 503- 
507 
obstruction of, carcinoma and, 1974: 
June, 727-728 
in infants, 1974: June, 489-513 
stenosis, in infants, 1974: June. 496-497 
vasculature, in repair of abdominal 
aortic aneurysm, 1975: Feb., 68 
Intra-aortic balloon counterpulsation, 
coronary artery disease and, 1976: Feb., 
86-90 
in low cardiac output states, 1975: June, 
545-559 
Intracranial pressure, regulation of, 1975: 
Aug., 913-915; 1976: Aug., 992-993 
Intravertebral disc disorders, chemo- 
nucleolysis for, 1975: Feb., 181-197 
Intubation, endotracheal, in children, 1976: 
April, 264-268 
nasotracheal, in children, 1974: Oct., 
1165-1166 
tracheal, 1976: Aug., 921 
transhepatic, bile duct strictures and, 
1976: Feb., 73-81 
Intussusception, in infants, 1974: June, 
512-513 
Iodine, radioactive, for hyperthyroidism, 
1974: April, 296-297 
for prostatic carcinoma, 1974: Aug., 
887-895 
Irradiation. See Roentgen therapy. 
Ischemia, cerebral, surgery for, 1974: Feb., 
239-255 
extra-anatomic arterial reconstruction for, 
1974: Feb., 128-1385 
femorotibial bypass for, 1974: Feb., 80-81 
in aorto-iliac occlusive disease, 1974: 
Feb., 197-203 
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Ischemia (Continued) 
lower limb, profundaplasty for, 1974: 
Feb., 98, 108 
of foot, amputation for, 1974: Feb., 
137-154 
of leg, systolic blood pressure and, 1974: 
Feb., 53-54 
renal, arterial reconstruction and, 1974: 
Feb., 266 
intraoperative, 1976: June, 760-762 
ultrasonic measurement of, 1974: Feb., 
23-38 
Islet cell tumor of pancreas, in children, 
1975: April, 383-384 
Isoenzymes, in postsurgical hepatic 
monitoring, 1975: Feb., 14 
Isoflurane, biodegradation and organ 
toxicity of, 1975: Aug., 816 
characteristics of, 1975: Aug., 980 
ventricular function and, 1975: Aug., 767 
Isotopes, radioactive. See Scanning. 


JAUNDICE, in infants, 1974: June, 520-521 
in pancreatic cancer, 1975: April, 364- 
365 
obstructive, evaluation of, 1975: April, 
419-425 
roentgen diagnosis, 1974: June, 573- 
597 
postoperative, 1975: April, 409-418 
management of, 1974: June, 637-645 
stones in bile ducts and, 1974: June, 
602-606 
surgical vs. medical, 1975: Feb., 12-15 
Jejunal ulcer, in Zollinger-Ellison syn- 
drome, 1975: April, 316-317 
Jejunum, atresia, in infants, 1974: June, 
494-496 
division of, 1976: June, 637-638 
obstruction of, in newborns, 1976: April, 
339-347 


KANAMYCIN, contaminated abdomen and, 
1975: Dec., 1891-1395 
Keratosis, seborrheic, 1975: Oct., 1026-1027 
Ketamine, cerebral blood flow and 
metabolism and, 1975: Aug., 829 
description of, 1975: Aug., 851-853 
Kidney. See also Renal. 
anesthesia and, 1975: Aug., 775-786 
atrophy of, hypertension and, 1974: Feb., 
257, 
biopsy of, in renal hypertension, 1974: 
April, 356 
cadaver, donor, 1976: Feb., 7-13 
deliberate hypotension and, 1975: Aug., 
951 
dysfunction, in thrombotic thrombocyto- 
penic purpura, 1975: April, 265 
failure, oliguria and, 1976: Aug., 970-972 
with abdominal aortic aneurysm, 1974: 
Feb., 188 
wound healing and, 1976: Aug., 867 
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Kidney (Continued) 
function, in injured patient, monitoring, 
1975: Feb., 35-36 
normal, 1976: Aug., 953-956 
tests of, in renal hypertension, 1974: 
April, 357 
horseshoe, abdominal aortic aneurysm 
and, 1974: Feb., 190-191; 1975: Feb., 
69 
radionuclide imaging of, 1975: June, 
735-739 
scanning, in trauma patient, 1975: Feb., 
39 
stones. See Renal calculi. 
toxic reactions to stroma-free hemo- 
globin, 1975: Feb., 5-6 
transplantation, in children, 1976: April, 


468-471 
renal artery reconstruction and, 1974: 
Feb., 266-267 
trauma and infection and, 1976: Aug., 
953-975 


Knee, fractures, 1976: June, 668 
joint, ligaments of, 1974: Dec., 1265 
preserving, in amputation, 1974: Feb., 
47-50, 141-144 
quadriceps mechanism, dysplasia of, 
1975: Feb., 199-226 
surgical anatomy of, 1974: Dec., 1813- 
1326 
Kultschitzky cells, 1974: April, 409 
Kymography, radar, to assess myocardial 
contractility, 1975: Feb., 86 


LABORATORY diagnosis of surgical infection, 
1975: Feb., 24-28 
Laboratory tests. See Tests. 
Lactate metabolism, in hemorrhagic shock, 
1975: Feb., 17-18 
Laennec’s cirrhosis, hypersplenism in, 
1975: April, 280-281 
Laminectomy, cervical, 1976: June, 588- 
592 
Laparoscopy, pelvic, 1974: April, 427 
Laparotomy, in acute pancreatitis, 1975: 
April, 331-332 
in pancreatic carcinoma, 1975; April, 368 
Leg, ischemia, extra-anatomic arterial 
reconstruction for, 1974: Feb., 123-135 
vascular disease in, symposium on, 1974: 
Feb., 1-269 
Leukemia, hypersplenism in, 1975: April, 
282 
Leukemic reticuloendotheliosis, spleen 
pathology in, 1975: April, 241-242 
Ligament, anterior cruciate, anatomy of, 
1974: Dec., 1315-1316 
functional anatomy of, 1974: Dec., 1259- 
1267 
of Treitz, variations of, 1974: Dec., 1364, 
1366 
Ligation, transesophageal, for bleeding 
varices, 1974: June, 562-563 
Limb, ischemia, infected vascular prostheses 
and, 1975: Dec., 1415-1416 


1508 


Lipectomy, abdominal, 1975: Feb., 161-162 
Lipomas, removal of, 1975: Oct., 1027 
Liver, carcinoma of, 1976: June, 663 
damage, postoperative jaundice and, 
1974: June, 640-643 
disease. See also Jaundice. 
hypersplenism in, 1975: April, 280-281 
wound healing and, 1976: Aug., 867 
dysfunction, drug-induced, 1975: April, 
420 
in portal hypertension, 1975: April, 466 
nutrition and, 1976: Oct., 1217 
trauma or infection and, 1976: Aug., 
947-948 
intubation, biliary tract strictures and, 
1976: Feb., 73-81 
metabolic reactions to surgery, 1975: 
Feb., 11-15 
radionuclide imaging of, 1975: June, 
739-741 
scanning, 1975: April, 427-439 
in trauma patient, 1975: Feb., 39 
subcapsular hematoma, 1975: April, 400 
transplantation, in children, 1976: April, 
471-476 
trauma to, 1975: April, 38'7-407 
surgical techniques, 1975: April, 394- 
401 
tumors, in children, 1976: April, 522-525 
Lumbar pain, chemonucleolysis for, 1975: 
Feb., 181-197 
chronic, sensory neurolysis by electro- 
coagulation, 1975: Feb., 172-176 
Lumbar plexus block, inguinal perivascular 
technique of, 1975: Aug., 881-886 
Lumbosacral plexus block, 1975: Aug., 
889-890 
Lung. See also Pulmonary. 
artificial, membrane, 1975: June, 603- 
612 
carcinoma of, apical, preoperative 
roentgen therapy for, 1974: Aug., 
831-840 
“coin lesions” in, 1974: Aug., 825-830 
cytologic detection of, 1974: Aug., 811- 
823 
immunotherapy for, 1976: Feb., 219- 
231 
cardiopulmonary bypass and, cellular 
changes following, 1974: Oct., 12038- 
1221 
circulation, 1974: Oct., 967-977 
capillary, 1974: Oct., 950-952 
microscopic studies of, 1974: Oct., 
1067-1076 
complications of acute pancreatitis, 1975: 
April, 330 
deliberate hypotension and, 1975: Aug., 
950 
disease, chronic, 1974: Oct., 1016-1026 
role of surfactant in, 1974: Oct., 986 
surgery in, 1974: Oct., 1193-1202 
function, symposium on, 1974: Oct., 


941-1224 
gas exchange in, 1974: Oct., 943-953, 
958-959 
and acid-base balance, 1974: Oct., 
1083-1084 
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Lung (Continued) 
gas exchange in, and blood flow, 1974: 
Oct., 1038-1041 
heart failure and, 1974: Oct., 1077-1087 
infections, postoperative, 1975: Dec., 
1355-1360 
role of surfactant in, 1974: Oct., 986- 
987 
metastatic sarcoma of, 1974: Aug., 841- 
848 
radionuclide imaging of, 1975: June, 
743-745 
re-expansion of, following trauma, 1974: 
Oct., 1183 
scan, in pulmonary embolism, 1974: Feb., 
236-237; 1976: Aug., 899 
sepsis and, 1974: Oct., 993-1013 
shock, 1975: June, 613-626 
volume, pulmonary mechanics and, 1975: 
June, 600-601 
Lupus erythematosus, systemic, hyper- 
splenism in, 1975: April, 281-282 
splenectomy in, 1975: April, 260-261 
Luteoma of pregnancy, 1974: April, 437 
Lymphatics, cervical, surgical anatomy of, 
1974: Dec., 1269-1271 
dissection, papillary carcinoma and, 1975: 
Oct., 1044-1045 
Lymphoma(s), malignant, hypersplenism in, 
1975: April, 282 
spleen pathology in, 1975: April, 242- 
245, 
splenectomy in staging, 1975: April, 
267-269 


MALABSORPTION, after gastrectomy, 1974: 
June, 647-651 
after ileal resection, 1974: June, 652 
Malnutrition, visceral protein, muscle fuel 
deficit and, 1976: Oct., 1147-1167 
Mammaplasty, augmentation and reduction, 
1975: Feb., 155-161 
Mannitol, preoperative, in repair of ab- 
dominal aortic aneurysm, 1974: Feb., 180 
Marlex mesh, abdominal wall repair and, 
1976: June, 562-569 
Mastectomy, partial, 1975: Oct., 1065-1071 
radical, 1974: Aug., 795-798 
MEA. See Multiple endocrine adenomato- 
sis. 
Meckel’s diverticulum, anatomy of, 1974: 
Dec., 1371-1373 
repair of, 1976: April, 419-420 
Meconium ileus, in infants, 1974: June, 
501-503 
in newborns, 1976: April, 344-347 
Megacolon, toxic, 1976: Feb., 95-102 
Melanoma, recurrent, surgical therapy for, 
1974: Aug., 865-870 
Meningitis, carcinomatous and leukemic, 
Ommaya device in, 1974: Aug., 915-922 
Mesenteric artery, colon resection and, 1974: 
June, 720-721 
infarction, nonocclusive, 1974: June, 
689-698 
Mesocaval shunt, 1975: April, 469-470 
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Metabolism, cellular, anesthesia and, 1975: 
Aug., 801-816 
cerebral, anesthesia and, 1975: Aug., 
819-836 
fluids and electrolytes and, 1976: Oct., 
1019-1058 
glucose, in newborn surgical patients, 
1976: April, 247-248 
in trauma and sepsis, 1976: Oct., 
1073-1090, 1169-1184, 1196-1198 
hormones and, 1976: Oct., 999-1018 
hyperalimentation in children and, 1976: 
April, 404-411 
shock and, 1976: Oct., 1059-1071 
Methimazole (Tapazole), for hyper- 
thyroidism, 1974: April, 293 
Methoxyflurane, biodegradation and organ 
toxicity of, 1975: Aug., 814-815 
characteristics of, 1975: Aug., 979-980 
ventricular function and, 1975: Aug., 767 
Metoclopramide, gastritis and, 1976: Dec., 
1452 
Metopirone inhibition test, in Cushing’s 
syndrome, 1974: April, 456 
Microflora, gastric, complications following 
surgery and, 1975: Dec., 1867-1372 
Midfacial abnormalities, new techniques 
for, 1975; Feb., 151-154 
Minerals, requirements, parenteral nutri- 
tion and, 1976: Oct., 1214 
Mitral valve, diseased, anesthesia and, 1975: 
Aug., 895 
repair and replacement of, 1975: Oct., 
1193-1204 
Monitoring, after pericardiocentesis, 1975: 
June, 584-585 
biochemical, 1975: Feb., 11-20 
blood gas, in infants and children, 1976: 
April, 268-269 
cardiac output and, 1976: Aug., 938 
intraoperative, 1975: Aug., 904-906 
geriatric patient and, 1975: Aug., 939- 
940 
hemodynamic, vasodilator therapy and, 
1975: June, 541-543 
intraoperative, deliberate hypotension 
and, 1975: Aug., 953-954 
membrane lung perfusion and, 1975: 
June, 611 
of femorotibial bypass grafts, 1974: 
Feb., 7'7-84 
of injured patient, 1975: Feb., 31-42 
open heart surgery and, 1975: Oct., 
1217-1228 
oxygen transport and, 1975: June, 
651-652 
patient in shock and, 1975: June, 713- 
720 
pH, of distal esophagus, 1976: Feb., 46- 
49 
room concentrations of anesthetic gas, 
1975: Aug., 970-971 
surgical, 1976: Aug., 977-994 
Mouth, carcinoma of, 1975: Feb., 107-115 
Multiple endocrine adenomatosis, 1974: 
April, 387-393 
Muscles. See also names of muscles. 
blood flow in, vascular disease and, 1974: 
Feb., 39-44, 107 
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Muscles (Continued) 
fuel deficit, visceral protein malnutrition 
and, 1976: Oct., 1147-1167 
intrinsic, of index finger, 1974: Dec., 
1357 
protein, in trauma and sepsis, 1976: 
Oct., 1083-1085 
relaxation, anesthesia and, 1975: Aug., 
83'7-850 
intracranial pressure and, 1975: Aug., 
916-917 
surface pH electrode, 1976; Aug., 992 
Mycotic aneurysms, 1975: Feb., 69-70 
Myeloid metaplasia, myelofibrosis with, 
hypersplenism in, 1975: April, 283 
spleen pathology in, 1975: April, 240- 
241 
Myocardium, contractility, 1975: June, 
489-490; 1975: Feb., 81-88 
infarct, anesthesia and, 1975: Aug., 908- 
909 
external counterpulsation and, 1975: 
June, 567-569 
hemodynamic measurements after, 
1975: June, 501-520 
left ventricular power failure after, 
1975: June, 545-559 : 
shock with, intra-aortic balloon 
pumping in, 1975: Feb., 101-102 
ischemia, intra-aortic balloon counter- 
pulsation and, 1975: June, 548-549 
oxygenation of, anesthesia and, 1975: 
Aug., 771 
revascularization of, 1975: Oct., 1175- 
1180, 1181-1191 


NARCOTIC agents, cerebral blood flow and 
metabolism and, 1975: Aug., 828-829 
newer uses in anesthesia, 1975: Aug., 
853-855 
Neck, deep fascia of, surgical anatomy of, 
1974: Dec., 1297-1301 
dissection, in intraoral carcinoma, 1974: 
Aug., 762-764 
radical, 1974: Dec., 1269-1276 
numbness, thoracic outlet compression 
and, 1974: Feb., 155-164 
resection, in thoracic outlet compression, 
1974: Feb., 163 
Neomycin, in bowel surgery, 1975: Dec., 
1325-1334 
Neoplasms. See Tumors. 
Neostomal ulcer, 1975: April, 307-310 
Nephrectomy, cadaver kidney donor and, 
1976: Feb., 7-13 
chronic hemodialysis following, 1976: 
Feb., 15-19 
hypertension and, renal artery stenosis 
and, 1974: Feb., 257, 266 
renal calculi and, 1976: June, 756-757 
Nephroblastoma, in children, 1976: April, 
518-522 
Nephroscopy, 1976: June, 762 
Nephrostomy, irrigation, postoperative, 
1976: June, 762-763 
Nephrotomy, anatrophic, 1976: June, 758- 
760 


1510 


Nerve(s). See also under specific names. 
arteriovenous fistula and, 1974: Feb., 168 
block, of brachial plexus, 1975: Aug., 

862-880 
of cervical plexus, 1975: Aug., 880-881 
of lumbar plexus, 1975: Aug., 881-886 
of sacral plexus, 1975: Aug., 886-890 
compression, cervical, 1976: June, 581- 
588 
thoracic outlet syndromes and, 1974: 
Feb., 155-164 
cranial, microsurgery and, 1976: June, 
784-785 
in index finger, 1974: Dec., 1359-1360 
peripheral. See also specific nerves. 
microsurgery and, 1976: June, 791-792 
testing, in thoracic outlet syndromes, 
1974: Feb., 160-161 

Nervous system, central, deliberate hypo- 
tension and, 1975: Aug., 948-949 

Neuroblastoma, in children, 1974: April, 
367-369; 1976: April, 513-518 

Neuroleptanalgesia, agents in, 1975: Aug., 
855-856 

Neurologic deficit, ischemia and, arterial 
reconstruction for, 1974: Feb., 2839-255 

Neuromuscular blockade, 1975: Aug., 
837-850 

Neurosurgery, anesthesia and, 1975: Aug., 

913-928 
microsurgery and, 1976: June, 781-795 

Neutrophils, infection and, 1976: Aug., 
850-854 

Newborns. See Infants. 

Niemann-Pick disease, spleen pathology in, 

1975: April, 246-247 

Nisson fundoplication, for reflux 

esophagitis, 1974: June, 486-487 

Nitrogen balance, negative, 1976: Oct., 

1010, 1012-1013, 1015-1017 

Nitrous oxide, biodegradation and organ 

toxicity of, 1975: Aug., 810-812 
ventricular function and, 1975: Aug., 
767-768 

Norepinephrine, bleeding duodenal ulcer 
and, 1976: Dec., 1380-1381 

Nuclear medicine studies, 1975: April, 
427-447 

Nutrition, energy metabolism and, 1976: 

Oct., 1174-1177 

hemodilution and, 1975: June, 663-664 

in trauma and sepsis, 1976: Oct.) 1195- 
1224 

pediatric burn therapy and, 1976: April, 
487-488 

supplements, composition of, 1976: Oct., 
1200-1205, 1210-1211 

total body potassium and, 1976: Oct., 
1185-1194 


OBESITY, postoperative respiratory care and, 
1975: Oct., 1229-1230 
respiratory work and, 1974: Oct., 961-962 
Obstetrics, infections in, 1975: Dec., 1873- 
1378 


‘ 


Suneteay ree 1974, 1975, AND 1976 


Oliguria, in post-traumatic and post- 
operative patients, 1975: June, 697-712; 
1976: Aug., 961-963 

Omphalocele, closure of, 1975: Feb., 129- 

130; 1976: April, 361-371 
management of, 1974: June, 514-516 
Oophorectomy, carcinoma of colon and, 
1974: Aug., 881-882 
in inflammatory breast carcinoma, 1974: 
Aug., 806 

Operating room, physical hazards in, 1975: 
Aug., 959-966 

Ophthalmopathy, toxic diffuse goiter and, 
1974: April, 299-300 

Oral cavity, carcinoma of, 1975: Feb., 
107-115 

Osmolality, plasma, cells and, 1976: Oct., 

1030-1032 
hormones and, 1976: Oct., 1137-1138 
serum, in injured patient, 1975: Feb., 
37-38 

Osteodystrophy, renal, parathyroidectomy 
for, 1974: April, 325-338 

Osteomyelitis, sickle cell anemia and, 1976: 
Feb., 67-68 

Ovalocytosis, spleen pathology in, 1975: 
April, 236-237 

Ovaries, abscess, 1975: Dec., 1374 
carcinoma of, combined therapy for, 1974: 

Aug., 897-904 
tumors of, in children, 1974: April, 372 
surgical considerations in, 1974: April, 
425-442 
Oxygen, blood, stroma-free hemoglobin 
solution and, 1975: Feb., 3-5 
delivery, to brain, 1975: Aug., 821-823 
extraction, hemodilution and, 1975: June, 
664-666 
partial pressure of, saturation of hemo- 
globin and, 1975: June, 627-658 
toxicity, 1975: June, 616 
lung damage and, 1974: Oct., 1047- 
1048 
transport, circulation and, 1976: Aug., 
929-930 
monitoring, 1976: Aug., 979-985 
to tissues, 1976: Aug., 940-942 

Oxyhemoglobin dissociation curve, acute 
disease and, 1975: June, 627-658 

Oxidase system, mixed-function, anesthesia 
and, 1975: Aug., 808-810 


Pain, back, chemonucleolysis for, 1975: 


Feb., 181-197 
sensory neurolysis for, 1975; Feb., 172- 
176 


chronic, 1975: Aug., 999-1011 
percutaneous radiofrequency electro- 
coagulation for, 1975: Feb., 167-179 
postoperative, 1975: Aug., 995-996 
Pancreas, abscess, 1975: April, 335-336 
surgery for, 1975: April, 343-345 
vs. pseudocyst, 1975: April, 342-343 
annular, 1975: April, 377-379 
in newborns, 1976: April, 333 
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Pancreas (Continued) 
biopsy of, 1975: April, 368 
carcinoma of, 1975: Feb., 1177-128; 1975: 
April, 363-376; 1976: June, 625-628 
surgical therapy for, 1974: Aug., 859- 
863 
diagnostic ultrasound, 1975: April, 348 
disorders, in infants and children, 1975: 
April, 377-385; 1974: April, 380-381, 
382-384 
division of, 1976: June, 639-640 
gastrinoma of, 1975; April, 303-3823 
inflammatory swelling, indolent, 1975: 
April, 345-348 
islet cell tumor, in children, 1975: April, 
383-384 
pseudocysts, 1975: April, 339-362 
in children, 1975: April, 381 
radionuclide imaging of, 1975: June, 743 
scanning, 1975: April, 439-441 
surgery of, 1976: June, 615-629 
trauma to, pseudocyst after, 1975: April, 
348-352 
Pancreatectomy, in chronic pancreatitis, 
1975: April, 334-335 
total, in carcinoma of pancreas, 1975: 
April, 372-374 
Pancreatic cholera, 1975: April, 310-312 
Pancreatitis, 1975: April, 325-338; 1976: 
June, 619-625 
acute, antibiotic therapy in, 1975: Dec., 
1319-1324 
inflammatory masses following, 1974: 
June, 621-636 
management of, 1974: June, 608 
chronic, management of, 1974; June, 
613-620 
in children, 1975: April, 379-381 
phlegmonous, 1975: April, 345-348 
pseudocyst after, 1975: April, 342, 352- 
354 
Pancreatocholangiography, endoscopic, 
1976: June, 617-618 
Pancreatoduodenectomy, 1976: June, 626- 
628, 6381-647 
Pancreatojejunostomy, 1976: June, 641 
Pancuronium, muscle relaxation and, 1975: 
Aug., 846-847 
Paracentesis, abdominal, in liver injury, 
1975: April, 389-390 
in trauma patient, 1975: Feb., 38 
Parathyroid gastrinoma, 1975: April, 313- 
315 
Parathyroid gland(s), autotransplantation 
of, 1975: Oct., 1062 
biopsy of, 1975: Oct., 1059-1060 
disorders. See specific disorders. 
in children, 1974: April, 379-380 
surgery of, 1975: Oct., 1047-1063 
pathology, in hyperparathyroidism, 1974: 
April, 443-447 
Parathyroidectomy, in uremia, 1974: April, 
325-338 
Parenteral nutrition. See also Hyper- 
alimentation. 
in trauma and sepsis, 1976: Oct., 1209- 
LOS 
total, effect of, 1976: Oct., 1191-1193 
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Paronychia, treatment of, 1975: Oct., 1027 
Patella, articular surface of, 1974: Dec., 
TOWN 
fractures, 1976: June, 668 
hypermobile, quadriceps dysplasia and, 
1975: Feb., 199-226 
Patellofemoral joint, anatomy of, 1975: 
Feb., 200-204 
Patent ductus arteriosus, 1975: Feb., 
90-92 
in premature infants, 1976: April, 451- 
453 
Pectoral tube, in pharyngostome repair, 
1974: Aug., 773-776 
Pectus excavatum, surgical reconstruction 
in, 1975: Feb., 157-159 
Pelvis, abscess, 1975: Dec., 1373-1374 
Peptic ulcer. See also Dwodenum, ulcer; 
Ulcer, duodenal. 
chronic, surgery for, 1974: June, 529- 
547 
endocrine abnormalities and, 1975: April, 
313-316 
gastrin and, 1976: Dec., 1249-1265 
gastrointestinal hemorrhage and, 1976: 
June, 697-699, 701, 705 
obstructing, 1976: Dec., 1403-1411 
perforated, 1976: Dec., 1895-1401 
surgery for, 1976: Dec., 1849-1363 
Zollinger-Ellison syndrome and, 1975: 
April, 318; 1974: April, 396 
Perforation, of gastrointestinal tract, 1974: 
June, 726-727; Dec., 1329 
in infants, 1974: June, 516-517 
Pericardiocentesis, in heart trauma, 1975; 
Feb., 48 
Pericarditis, chronic constrictive, 
tamponade and, 1975: June, 586 
Peripheral arteries, aneurysms of, 1975: 
Feb., 70-72, 76-77 
Peritonitis, hypermetabolism and, 1976: 
Oct., 1004-1010 
Pernicious anemia, vs. Zollinger-Ellison 
syndrome, 1975: April, 317 
Peroneus brevis, muscle transposition and, 
1974: Dec., 1346-1347 
Peroneus longus, muscle transposition and, 
1974: Dec., 1344-1346 
Phagocytosis, 1976: Aug., 840 
Pharyngostome, repair of, 1974: Aug., 
767-786 
Pharynx, carcinoma of, 1975: Feb., 107- 
115 
Pheochromocytoma, in children, 1974: 
April, 363-367 
localization of, pitfalls in technique, 1974: 
April, 339-347 
Phlebography, in venous thromboembolism, 
1974: Feb., 230, 233 
Phlebothrombosis, in pancreatic carcinoma, 
1975: April, 365 
intraoperative endoscopy for, 1974: 
Feb., 116 
Phlegmon, pancreatic, management of, 
1974: June, 621-623 
Phlegmonous pancreatitis, 1975: April, 
345-348 
Photoscanning. See Scanning. 
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Pituitary-adrenal axis, physiology of, 1974: 
April, 450 

Pituitary-ovarian axis, disorders, 1974: 
April, 426 


Plasma, protein, endocrine control of, 1976: 


Oct., 1185-1145 
substrates, concentration of, 1976: Oct., 
1158-1160 
Plastic surgery. See also specific areas. 
body sculpturing techniques, 1975: 
Feb., 151-165 
of head and neck, after cancer surgery, 
1976: Feb., 111-123 
Plethysmography, after profundaplasty, 
1974: Feb., 108-109 
in thoracic outlet syndromes, 1974: 
Feb., 160 
in venous thromboembolism, 1974; Feb., 
69-76, 232 
of the calf, in vascular disease, 1974: 
Feb., 43, 107 
Pleural cavity, abrasion of, 1974: Oct., 
1198-1199 
effusion, in infants, 1974: Oct., 1151 
open heart surgery and, 1975: Oct., 
1234 
Pneumatosis cystoides intestinalis, etiology 
of, 1975: Dec., 1297-1302 
Pneumoencephalography, anesthesia and, 
1975: Aug., 925 
Pneumomediastinum, in infants, 1974: 
Oct 1151 
Pneumonia, bacterial defenses and, 1976: 
Oct., 1128-1130 
Pneumoperitoneum, abdominal wall repair 
and, 1976: June, 559-562 
Pneumothorax, in infants, 1974: Oct., 1151 
open heart surgery and, 1975: Oct., 
1233-1234 
Polycythemia, exchange transfusion in, 
1975: June, 668 
Polycythemia vera, hypersplenism in, 1975: 
April, 283 
Polypectomy, carcinoma and, 1974: June, 
710-711 
Polyps, colonic, carcinoma and, 1974: June, 
699-712, 715 
duodenal, 1976: June, 714 
Polyuria, postoperative, 1976: Aug., 
959-961 
sepsis and, 1976: Aug., 967-969 ” 
Portacaval shunts, 1975: April, 468-469 
Portal hypertension, bleeding esophageal 
varices and, 1974: June, 561-571; 
1975: April, 461-473 
shunt operations for, 1975: Oct., 1073- 
1087 
splenectomy for, in children, 1975: 
April, 451 
Posterior fossa, lesions, anesthesia and, 
1975: Aug., 919-920 
Postperfusion syndrome, 1975: Feb., 104 
Potassium, total body, nutrition and, 1976: 
Oct., 1023-1024, 1185-1194 
Precocity, sexual, endocrine tumors and, 
1974: April, 372 
Priapism, sickle cell anemia and, 1976: 
Feb., 68-69 
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Proctectomy, ulcerative colitis and, 1974: 
June, 681, 683-684 
Profundaplasty, measurement after, 1974: 
Feb., 95-109 
Pronator teres muscle, transfer of, 1976: 
June, 675 
Propranolol, shock and, 1975: June, 726 
Propranidid, 1975: Aug., 857-858 
Prophylthiouracil, for hyperthyroidism, 
1974: April, 293 
Prostate, carcinoma of, I-125 implantation 
in, 1974: Aug., 887-895 
Prostatectomy, carcinoma of colon and, 
1974: Aug., 885 
Prostheses, arterial, small and medium 
caliber, 1974: Feb., 218-228 
leg, 1974: Feb., 143, 147-150, 152-154 
maxillofacial, after cancer surgery, 1974: 
Aug., 787-792 
vascular, infection and, 1975: Dec., 
1411-1417 
Protein, concentration, in commercial 
products, 1976: Oct., 1210-1211 
metabolism, in trauma and sepsis, 1976: 
Oct., 1074-1076, 1082-1087 
plasma and, endocrine control of, 1976: 
Oct., 1185-1145 
sparing, amino acids and, 1974: Oct., 
1190-1191 
oral, 1976: Oct., 1215-1216 
visceral, malnutrition in, 1976: Oct., 
1147-1167 
Proteolysis, in trauma and sepsis, 1976: 
Oct., 1169-1184 
Pseudocyst, pancreatic, 1975: April, 335- 
336, 339-362 
in children, 1975: April, 381 
management of, 1974: June, 623- 
630 
Pseudohermaphroditism, 1974: April, 375- 
377 
Pseudomonas, pneumonia and, 1976: Oct., 
1128-1130 
Psychiatric symptoms, in pancreatic car- 
cinoma, 1975: April, 364 
Pulmonary. See also Lung. 
artery banding, in infants, 1975: Feb., 
94-95 
aspiration, acute respiratory distress and, 
1974: Oct., 1049-1050 
blood flow, disturbances, in infants, 1975: 
Feb., 94-98 
congestion, acute respiratory insufficiency 
and, 1976: Oct., 1100-1109 
disease, chronic obstructive, respiratory 
work and, 1974: Oct., 962-963 
edema, acute respiratory insufficiency 
and, 1976: Oct., 1100-1109, 1115- 
1116 
following cardiopulmonary bypass, 
1974: Oct., 1210-1219 
following head injury, 1974: Oct., 1048 
open heart surgery and, 1975: Oct., 
1231-1232 
postoperative, 1975: Aug., 993-994 
pulmonary blood flow and, 1974: Oct., 
974 
role of surfactant in, 1974: Oct., 986 
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Pulmonary (Continued) 
embolism, congestive heart failure and, 
1975: Aug., 910-911 
function, evaluation of, 1975: June, 591- 
602 
in heart failure, 1974: Oct., 1081-1084 
in the aged, 1975: Aug., 933 
monitoring of, 1974: Oct., 1027-1042 
preoperative evaluation of, 1974: Oct., 
1015-1026 
symposium on, 1974: Oct., 941-1224 
insufficiency, acute, 1974: Oct., 1043- 
1066; 1976: Aug., 913-923 
in infants, 1974: Oct., 1187-1154 
membrane oxygenators for, 1974: Oct., 
1171-1178 
positive end-expiratory pressure and, 
1974: Oct., 1125-1136 
shunting, shock and, 1975: June, 719- 
720 
surfactant, 1974: Oct., 979-992 
Pulsus paradoxus, cardiac tamponade and, 
1975: June, 577-578 
Purpura, thrombocytopenic, idiopathic, 
spleen pathology in, 1975: April, 
238-239 
splenectomy for, in children, 1975: 
April, 450-451 
immunologic, splenectomy in, 1975: 
April, 256-260 
thrombotic, spleen pathology in, 1975; 
April, 240 
splenectomy in, 1975: April, 264-267 
Pyelography, infusion, in injured patient, 
1975: Feb., 35-36 
intravenous, in renal hypertension, 1974: 
Feb., 259; April, 351 
Pyelolithotomy, intrasinusal, 1976: June, 
757-758 
Pyloric stenosis, duodenal ulcer and, 1976: 
Dec., 1328-1329 
in infants, 1974: June, 511-512 
Pyloroplasty, duodenal ulcer and, 1976: 
Dec., 1293-1294, 1349-1350 
gastric emptying and, 1975: Oct., 1019- 
1024 
Pylorus, gastric emptying and, 1976: Dec., 
1278 
Pyometra, 1975: Dec., 1374-1375 


QUADRICEPS mechanism, dysplasia of, 
patellar hypermobility and, 1975: Feb., 
199-226 


Rapar kymography, to assess myocardial 
contratility, 1975: Feb., 86 
Radiation therapy. See Roentgen therapy. 
Radical neck dissection, anatomy of, 1974: 
Dec., 1269-1276 
Radiography. See Roentgen. 
Radioimmunoassay, for gastrin, in peptic 
ulcer, 1974: June, 533-534 
in Zollinger-Ellison syndrome, 1974: 
April, 397 


1513 


Radioimmunoassay (Continued) 
in gastric emptying, 1976: Dec., 1281- 
1282, 1285 
Radioisotope. scanning. See Scanning. 
Radionuclide imaging, critical care and, 
1975: June, 729-753 
Radon seed implantation, in pancreatic 
cancer, 1975: Feb., 117-128 
Reconstructive surgery, new techniques 
in, 1975: Feb., 151-165 
Rectum, bleeding from, in children, 1976: 
April, 415-416 
carcinoma of, 1974: June, 714-715; 1976: 
Feb., 175-187, 189-197 
chemotherapy for, 1976: Feb., 237-238 
local excision for, 1974: Aug., 877-880 
pelvic surgery and, 1974: Aug., 881- 
886 
roentgen therapy for, 1974: June, 733- 
740 
surgical management of, 1974: June, 
741-750 
hemorrhage, endoscopy and, 1974: June, 
Oyo) 
Reflux, gastroesophageal. See Gastro- 
esophageal reflux. 3 
Reflux esophagitis. See Esophagitis, reflux. 
Rehabilitation, ambulatory, after amputa- 
tion, 1974: Feb., 137-154 
Renal. See also Kidney. 
adrenal axis, physiology of, 1974: April, 
461 
arteries, in repair of abdominal aortic 
aneurysm, 1975: Feb., 67-68 
surgery of, 1976: June, 767-780 
brushing, retrograde, 1976: Feb., 153-158, 
166, 168-170 
calculi, branched, 1976: June, 753-766 
circulation, anatomy and physiology of, 
1975; Aug., 775-778 
dysfunction, anesthetic drugs causing, 
1975: Aug., 782-783 
failure, anesthesia for patients in, 1975: 
Aug., 783-784 
nutrition and, 1976: Oct., 1216-1217 
post-traumatic and postoperative, 1975: 
June, 697-712 
with acute pancreatitis, 1975: April, 
330 
function, aortofemoral bypass grafting 
and, 1975: Oct., 1140 
hypertension, 1974: April, 349-361 
masses, evaluation of, 1976: Feb., 149- 
174 
osteodystrophy, parathyroidectomy for, 
1974: April, 325-338 
transplantation, acute respiratory distress 
and, 1974: Oct., 1047 
cadaver donor and, 1976: Feb., 7-138 
chronic hemodialysis after, 1976: Feb., 
15-19 
Renin activity, in renal hypertension, 1974: 
April, 354 
Renography, renal ischemia and, 1974: 
Feb., 266 
Respiration. See also Airway and 
Ventilation. 
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Respiration (Continued) 
gas exchange in, 1974: Oct., 943-953, 
958-959 
problems, symposium on, 1974: Oct., 
941-1224 
pulmonary embolism and, 1976: Aug., 
893-895 
work of, 1974: Oct., 955-966 
Respirators, mechanical, usefulness of, 
1974: Oct., 1120-1121 
Respiratory care, after chest surgery, 1975: 
Oct., 1229-1241 
Respiratory distress syndrome, in infants, 
1974: Oct., 1140 
Respiratory failure, 1975: June, 613-626 
acute, pathobiology of, 1976: Oct., 
1091-1133 
membrane lung perfusion for, 1975: 
June, 603-612 
respiratory work and, 1974: Oct., 963- 
964 
with abdominal aortic aneurysm, 1974: 
Feb., 187-188 
Respiratory function, in trauma and sepsis, 
1976: Oct., 1172 
Resuscitation, in cardiac trauma, 1975: 
Feb., 47 
of injured patient, 1975: Feb., 33-34 
Reticuloendotheliosis, leukemic, spleen 
pathology in, 1975: April, 241-242 
Retina, emboli, cerebral ischemia and, 
1974: Feb., 243 
Rhabdomyosarcoma, embryonal, in 
children, 1974: Aug., 849-857; 1976: 
April, 525-529 
Rheography, venous thrombosis and, 1974: 
Feb., 69-76 
Rhizotomy, radiofrequency electroco- 
agulation, 1975: Feb., 151-165 
Rib, resection, in thoracic outlet com- 
pression, 1974: Feb., 163; Dec., 1277- 
1289 
Riding breeches deformity, 1975: Feb., 162- 
164 
Roentgen examination. See also names of 
special procedures. 
abdominal aortic aneurysm and, 1974: 
Feb., 176 
for renal calculi, 1976: June, 755-756, 
762 
gastric emptying and, 1976: Dec., 1281 
in obstructive jaundice, 1974: June, 
573-597 
in renal hypertension, 1974: April, 351 
in thoracic outlet syndromes, 1974: Feb., 
LST, 
obstructing peptic ulcer and, 1976: 
Dec., 1404-1407 
of chest, for pulmonary embolism, 1974: 
Oct., 1094-1095 
of esophagus, 1976: Feb., 29-30, 41, 137- 
139 
Roentgen therapy, carcinoma of thyroid fol- 
lowing, 1976: Feb., 199-205 
for colorectal carcinoma, 1974: June, 730, 
733-740 
in breast carcinoma, 1976: Feb., 106-107 
in esophageal carcinoma, 1976: Feb, 
143 


INDEX FOR YEARS 1974, 1975, AND 1976 


Roentgen therapy (Continued) 
in rhabdomyosarcoma in children, 1974: 
Aug., 849-856 
oral and pharyngeal, 1975: Feb., 110- 
112 
ovarian, 1974: Aug., 900 
in panereatic, 1975: Feb., 117-118 
preoperative, in carcinoma of the tongue, 
1974: Aug., 761-764 
in lung carcinoma, 1974: Aug., 818-820 
of the apex, 1974: Aug., 831-840 
prostatic, 1974: Aug., 88'7-895 
surgery and, for colorectal carcinoma, 
1976: Feb., 187, 194-195 
wound healing and, 1976: Aug., 869 


SACRAL plexus block, 1975: Aug., 886-890 
Sacroiliac joint, ligaments of, 1974: Dec., 
1265 
Safety, operating room and, anesthetic 
agents and, 1975: Aug., 959-985 
Salicylates, peptic ulcer disease and, 1976: 
Dec., 1486-1487 
Saline solution, hemoglobin, as blood sub- 
stitute, 1975: Feb., 3-10 
Salzman test, in obstructive jaundice, 1974: 
June, 575 
Sarcoma, metastatic to lung, 1974: Aug., 
841-848 
Scalenotomy, in thoracic outlet compres- 
sion, 1974: Feb., 163 
Scanning, deep vein thrombosis and, 1974: 
Feb., 57-68 
for thyroid cancer, 1974: April, 278 
in abdominal aortic aneurysm, 1974: Feb., 
177 
in arterial insufficiency, 1974: Feb., 39- 
55 
in cardiac trauma, 1975: Feb., 45-46 
in pulmonary embolism, 1974: Feb., 236- 
237; Oct., 1095-1096 
in renal hypertension, 1974: April, 352 
in trauma patient, 1975: Feb., 38-40 
of abdomen, in obstructive jaundice, 
1974: June, 575-578 
of liver, 1975: April, 427-439 
in obstructive jaundice, 1974: June, 
578-579 
of pancreas, 1975: April, 439-441 
of spleen, 1975: April, 441-445 
ultrasonic, in obstructive jaundice, 1974: 
June, 579-580 
pelvic, 1974: April, 428 
Sciatica, chemonucleolysis for, 1975: Feb., 
181-197 
Seagesser’s sign, 1975: April, 289-291 
Sepsis. See also Infection. 
acute respiratory distress and, 1974: 
Oct., 993-1013, 1046; 1976: Oct., 1120 
biliary, antibiotic treatment of, 1975: 
Dec., 1879-1390 
determinants of, 1976: Aug., 847-857 
energy metabolism and proteolysis in, 
1976: Oct., 1169-1184 
energy production for metabolism and, 
1976: Oct., 1073-1090 
lung response to, 1976: Aug., 909-928 
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Sepsis (Continued) 
nutrition and, 1976: Oct., 1195-1224 
plasma albumin and, 1976: Oct., 1147- 
1167 
renal response to, 1976: Aug., 965-969 
postsurgical, anaerobic, 1975: Feb., 21- 
30 
progressive pulmonary insufficiency and, 
1975: June, 616 
wound healing and, 1976: Aug., 867 
Septa, cardiac, wounds of, 1975: Feb., 
52-53 
Serum gastrin, peptic ulcer and, 1976: 
Dec., 1258-1260 
Serum osmolality, in injured patient, 1975: 
Feb., 37-38 
Sexual development, precocious, endocrine 
tumors and, 1974: April, 372 
Sexual differentiation, abnormal, endocrine 
causes, 1974: April, 375-377 
Shock, acute respiratory distress and, 1974: 
Oct., 1045-1046 
cardiogenic, intra-aortic balloon pumping 
in, 1975: Feb., 101-102; 1976: Feb., 
86-88 
circulation and, 1976: Aug., 931-932 
hemorrhagic, biochemical monitoring in, 
1975: Feb., 15-18 
renal response to, 1976: Aug., 956-965 
in infants, 1974: Oct., 1152 
metabolism and, 1976: Oct., 1059-1071 
pulmonary circulation during, 1974: Oct., 


1069-1073 

septic, blood sugar and, 1976: Oct., 1177- 
1178 

vasoactive drugs and, 1975: June, 721- 
728 


volume replacement and, 1975: June, 668 
wound healing and, 1976: Aug., 867 
Short gut syndrome, 1975: April, 317 
Shoulder, joint, ligaments of, 1974: Dec., 
1263 
Shunt, carotid endarterectomy and, 1975: 
Oct., 1119-1122 
mesocaval, for bleeding esophageal 
varices, 1974: June, 568-570 
fot portal hypertension, 1975: Oct., 
1080-1084 
interposition, 1974: Dec., 1256-1257 
portacaval, for bleeding esophageal 
varices, 1974: June, 563-568 
for portal hypertension, 1975: Oct., 
1074-1079 
pulmonary arteriovenous, 1974: Oct., 
1023-1024 
splenorenal, for bleeding esophageal 
varices, 1974: June, 568-570 
for portal hypertension, 1975: Oct., 
1079-1080, 1084-1085 
selective distal, 1974: Dec., 1254-1255 
Sickle cell disease. See under Blood. 
Sigmoid, diverticulitis of, 1974: June, 
655-674 
Sinus, pilonidal, 1975: Oct., 1026 
Sipple’s syndrome, 1974: April, 310, 390- 
391 
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Skin, excision, in pediatric burn therapy, 
1976: April, 479-484 
Sliding filament hypothesis, 1975: Feb., 
83-85 
Smoking, carcinoma of tonsil and, 1976: 
Feb., 126-127 
Sodium, body, total, 1976: Oct., 1022-1023 
Splanchnic circulation and metabolism, 
1976: Oct., 1159-1165 
Splenectomy, complications of sickle cell 
anemia and, 1976: Feb., 64-67 
Soleus, muscle transposition and, 1974: 
Dec., 1338, 1340-1341 
Spherocytosis, congenital, splenectomy for, 
1975: April, 449-450 
hereditary, splenectomy in, 1975: April, 
261-264 
Sphincterotomy, for fissure in ano, 1975: 
Feb., 143-150 
Sphingolipidoses, spleen pathology in, 1975: 
April, 245-247 
Spinal nerves, chemonucleolysis for pain 
control, 1975: Feb., 181-197 
electrocoagulation for pain control, 1975: 
Feb., 167-179 
Spine, cervical, lesions of, 1976: June; 
581-592 
fractures, 1976: June, 670 
ligaments of, 1974: Dec., 1261-1262 
microsurgery of, 1976: June, 790-791 
surgery, anesthesia and, 1975: Aug., 921- 
922 
Spirometry, in assessing chronic obstructive 
lung disease, 1974: Oct., 1019-1021 
Splanchnic circulation and metabolism, 
anesthesia and, 1975: Aug., 787-794 
Spleen, pathology, in hematologic disease, 
1975: April, 283-251 
physical and roentgen examination, 1975: 
April, 289-291 
radionuclide imaging of, 1975: June, 739- 
741 
rupture, 1975: April, 270-271 
scanning, 1975; April, 441-445 
in trauma patient, 1975: Feb., 39 
surgical anatomy, 1975: April, 288-289 
surgery of, 1975: April, 287-301. See 
also Splenectomy. 
Splenectomy, 1975: April, 287-301 
complications, 1975: April, 299-300 
for hypersplenism, 1975: April, 280 
hematologic indications for, 1975: April, 
253-275 
in children, 1975: April, 449-460 
in staging of Hodgkin’s disease, 1975: 
April, 267-269 
in staging of lymphomas, 1975: April, 269 
Splenic vein thrombosis, after splenectomy, 
1975: April, 300 
Splenoportography, in esophageal varices, 
1975: April, 465 
Splenorenal shunt, 1975: April, 470 
Splints, wound healing and, 1976: Aug., 
871 
Spondylosis, posterior approaches to, 1976: 
June, 581-592 
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Sputum, cytologic examination, for lung 
carcinoma, 1974: Aug., 811-823 
Stein-Leventhal syndrome, 1974: April, 
438 
Stenosis, iliac, profundaplasty for, 1974: 
Feb., 103 
midface, 1976: April, 499-502 
tracheal, subglottic, in infants, 1976: 
April, 276-279 
Steroid anesthetics, 1975: Aug., 857 
Steroid therapy, wound healing and, 1976: 
Aug., 867-868 
Stoma, obstructed, 1976: June, 609-610 
Stomach. See also Gastric. 
aspiration and irrigation, in gastroin- 
testinal bleeding, 1974: June, 555-556 
carcinoma of, 1976: June, 599-605 
division of, 1976: June, 637 
endoscopy of, intraoperative, 1975: Feb., 
137-138 
postvagotomy atonic, 1976: June, 611 
prophylactic antibiotics and, 1975: 
Dec., 1315 
ulcer, pathogenesis of, 1976: Dec., 
1483-1486 
results of treatment of, 1976: Dec., 
1330-1331 
Stroke, vascular surgery for, 1974: Feb., 
239-255 
Stroma-free hemoglobin (SFH) solution, as 
blood substitute, 1975: Feb., 3-10 
Subclavian steal syndrome, surgery for, 
1974: Feb., 250 
Subphrenic abscess, after splenectomy, 
1975: April, 299 
Surgery, departments of, challenges to, 
1976: Feb., 3-5 
jaundice after, 1975: April, 409-418 
office, 1975: Oct., 1025-1029 
plastic. See Plastic surgery. 
reconstructive, for craniofacial de- 
formities, 1976: April, 495-512 
in head and neck cancer, 1974: Aug., 
767-786 
techniques, symposium on, 1975: Oct., 
1017-1254; 1975: April, 289-512 
vascular, patient evaluation for, 1974: 
Feb., 18-22 
symposium on, 1974: Feb., 1-269 
training and certification for, 1974: 
Feb., 3-12 : 
Surgical anatomy and embryology, 
symposium on, 1974: Dec., 1225-1390 
Surgical patient, biochemical monitoring 
of, 1975: Feb., 11-20 
fluids and electrolytes and, 1976: Oct., 
1034-1046 
shock and, 1976: Oct., 1064-1065 
Surgical practice, at University of Chicago 
Clinics, 1976: Feb., 1-239 
Sympathectomy, lumbar, femoropopliteal 
vein grafts and, 1974: Feb., 93 
revascularization of lower extremities 
andw 197 ost Oct ali ai 
Syndrome. See specific syndrome. 
Systemic lupus erythematosus, hyper- 
splenism in, 1975: April, 281-282 
splenectomy in, 1975: April, 260-261 
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TAMPONADE, balloon, for bleeding esepha- 
geal varices, 1974: June, 561-562 
cardiac, 1975: June, 573-589 
in cardiac trauma, 1975: Feb., 48 
Temperature, regulation, in newborn 
surgical patients, 1976: April, 248-249 
Tendons, of the hand, repair of, 1974: 
Aug., 923-938 
transfer of, in the wrist, 1976: June, 675 
to thumb, 1976: June, 680-682 
Tenolysis, flexor tendon surgery and, 1974: 
Aug., 936 
Teratomas, in children, 1976: April, 529- 
5 
Testes, tumors of, in children, 1974: April, 
374 
Tests, biochemical-immunologic, of renal 
masses, 1976: Feb., 164-165 
fibrinogen uptake, venous thrombo- 
embolism and, 1974: Feb., 229-234, 
237-238 
for completeness of vagotomy, 1976: 
Dec., 1421-1430 
for toxic megacolon, 1976: Feb., 95-98 
of esophageal function, 1976: Feb., 29- 
37, 39-49 
of thyroid function, 1974: April, 291-292 
for vascular disease, 1974: Feb., 13-22 
in chronic peptic ulcer, 1974: June, 
530-535 
renal function, in renovascular hyper- 
tension, 1974: Feb., 262 
systolic pressure, at the ankle, 1974: 
Feb., 15, 27, 107 
Tetracycline, in bowel surgery, 1975: Dec., 
1325-1330 
Tetralogy of Fallot, in newborns, 1976: 
April, 457-458 
Thalassemia, spleen pathology in, 1975: 
April, 237 
splenectomy for, in children, 1975: April, 
451 
Thighs, surgical sculpturing, 1975: Feb., 
162-164 
Thioamide derivatives, for hyperthyroidism, 
1974: April, 293-296 
Thoracic. See also Chest. 
aorta, aneurysms of, complications and 
prognosis, 1975: Feb., 74-75 
resection and repair, 1975: Feb., 58-62 
duct injuries, 1974: Oct., 1188-1189 
outlet syndrome, 1974: Feb., 155-164; 
Dec., 12'77-1289 
Thoracoabdominal aneurysms, resection 
and repair, 1975: Feb., 63-64 
injuries, 1974; Oct., 1188 
Thoracotomy, emergency, in cardiac 
trauma, 1975: Feb., 49 
Thrombectomy, 1974: Feb., 235 
Thromboangiitis obliterans, diagnosis of 
1974: Feb., 14 
Thrombocytopenia, hereditary, splen- 
ectomy in, 1975: April, 271 
Thrombocytopenic purpura, idiopathic, 
spleen pathology in, 1975: April, 
238-239 
splenectomy for, in children, 1975: 
April, 450-451 
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Thrombocytopenic purpura (Continued) 
immunologic, splenectomy in, 1975: 
April, 256-260 
thrombotic, spleen pathology in, 1975: 
April, 240-241 
splenectomy in, 1975: April, 264-267 
Thromboembolic disease, postoperative, 
dextran and, 1975: June, 679-696 
pulmonary, surgical management of, 
1974: Oct., 1107-1113 
Thromboembolism, venous, 1974: Feb., 
229-238 
Thromboendarterectomy, endoscopy for, 
1974: Feb., 111-122 
for cerebral ischemia, 1974: Feb., 242- 
243 
in aorto-iliac disease, 1974: Feb., 201-203 
Thrombolysis, enzymes used in, 1974: Feb., 
60, 234-235 
Thrombophlebitis, in pancreatic carci- 
noma, 1975: April, 365 
pelvic, septic, 1975: Dec., 1375 
Thrombosis, chronic hemodialysis and, 
1975: Oct., 1133-1134 
deep vein, 1974: Feb., 229-238 
description and treatment of, 1976: 
Aug., 875-890 
of aortorenal grafts, 1974: Feb., 266 
plethysmography and, 1974: Feb., 69-76 
radionuclide diagnosis of, 1974: Feb., 
57-68 
Thrombotic thrombocytopenic purpura, 
spleen pathology in, 1975: April, 240 
splenectomy in, 1975: April, 264-267 
Thrombus, resistance to, arterial 
prostheses and, 1974: Feb., 213-228 
Thumb, adduction contracture, 1976: June, 
678-680 
Thymectomy, 1975: Oct., 1056-1058 
Thyroidectomy, for medullary cancer, 1974: 
April, 316 
for toxic diffuse goiter, 1974: April, 
297-299 
technique, 1975: Oct., 1031-1045; 1974: 
April, 303-305 
Thyroid gland, cancer of, medullary, 1974: 
April, 309-323 
disorders, in children, 1974: April, 
377-379 
needle biopsy of, 1975: Oct., 1028 
nodules, current therapy, 1974: April, 
2'777-288 
toxic goiter, management of, 1974: April, 
289-307 
Thyroid hormone, for thyroid nodules, 
1974: April, 281 
Thyrotoxicosis, hypermetabolism and, 1976: 
Oct., 1004-1010 
Tibia, articular surface of, anatomy of, 
1974; Dec., 1315 
bayonet deformity of, 1975: Feb., 204 
fractures, 1976: June, 668 
Tongue, carcinoma of, 1974: Aug., 759-765 
Tonsil, carcinoma of, 1976: Feb., 125-136 
Tracheostomy, in infants and children, 
1974: Oct., 1158-1164; 1976: April, 
270-273 
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Tracheostomy (Continued) 
infection following, 1975: Dec., 1356- 
1357 
technique of, 1974: Oct., 1199-1201 
Transplantation, and carcinoma, 1974: 
Aug., 871-876 
in children, 1976: April, 467-476 
infection following immunosuppression 
and, 1975: Dec., 1419-1430 
Trauma. See also Injuries; Wounds; and 
under names of organs. 
abdominal, gastrointestinal bleeding and, 
1976: April, 421 
energy metabolism and proteolysis in, 
1976: Oct., 1169-1184 
energy production for metabolism and, 
1976: Oct., 1073-1090 
evaluation, new techniques in, 1975: 
Feb., 31-42 
gangrene following, 1975: Dec., 1406- 
1407 
heart, 1975: Feb., 43-55 
hepatic, in adults, 1975: April, 38'7-407 
hypermetabolism and, 1976: Oct., 1004- 
1010 
in newborns, 1974: June, 519 
lung response to, 1976: Aug., 909-928 
nutrition and, 1976: Oct., 1195-1224 
organ failure and, 1976: Oct., 1152-1162 
pancreatic, 1976: June, 619 
in children, 1975: April, 379-381 
pseudocyst after, 1975: April, 348-352 
registries, 1975: Feb., 32 
role of pulmonary surfactant after, 1974: 
Oct., 988-989 
stimulus-response sequences following, 
1976: Aug., 803-815 
thoracic, 1974: Oct., 11779-1192 
Treacher-Collins syndrome, 1976: April, 
506-510 
Trichloroethylene, biodegradation and organ 
toxicity of, 1975: Aug., 812 
Truncal contour, restructuring, 1975: 
Feb., 154-161 
Truncus arteriosus, in newborns, 1976: 
April, 460-461 
Tumors. See also Carcinoma, specific 
tumors, and names of organs. 
brain, microsurgery and, 1976: June, 
782-783 
chromaffin. See Pheochromocytoma. 
desmoid, of abdominal wall, 1976: Feb., 
207-218 
duodenal, 1976: June, 714, 718-719 
duodenal ulceration with, 1975: April, 316 
endocrine, in children, 1974: April, 363- 
385 
exposure to anesthetic gas and, 1975: 
Aug., 968 
gastrin-producing, 1975: April, 303-323 
of ovary, 1974: April, 437 
of tonsil, classification of, 1976: Feb., 
127-131 
renal, collecting system, 1976: Feb., 
150-155 
parenchymal, 1976: Feb., 155-170 
solid, in children, 1976: April, 518-535 
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Uxcer, duodenal. See also Duodenum, 
ulcer. 
chronic, gastric acid hypersecretion 
and, 1975: April, 304-307 
description of, 1976: Dec., 1235-1242 
medical treatment of, 1976: Dec., 
1243-1248 
surgery for, 1976: Dec., 1289-1296 
gastric. See Stomach, ulcer. 
gastroduodenal, 1976: Dec., 1239 
jejunal, in Zollinger-Ellison syndrome, 
1975: April, 316-317 
neostomal, 1975: April, 307-310 
peptic. See also Peptic ulcer. 
endocrine abnormalities and, 1975: 
April, 313-316 
vs. Zollinger-Ellison syndrome, 1975: 
April, 313 
pyloric channel, 1976: Dec., 1238-1239 
stomal, gastrointestinal hemorrhage and, 
1976: June, 699 
stress, 1976: Aug., 948-951; Dec., 1469- 
1478 
Ulcerative colitis, 1976: June, '721-726 
surgery for, 1974: June, 679-686 
Ulcerative proctitis, management of, 1974: 
June, 688 
Ultrasonography, blood flow measurement 
and, 1974: Feb., 23-38 
diagnostic, in pancreatic disease, 1975: 
April, 348; 1976: June, 616-617 
for aortic aneurysm, 1974: Feb., 177 
in thoracic outlet syndromes, 1974: Feb., 
160 
in venous thromboembolism, 1974: Feb., 
PISIO. PRBYE! 
pelvic, 1974: April, 428 
Uremia, wound healing and, 1976: Aug., 
867 
Urethra, injury to, signs of, 1975: Feb., 35 
Urinary tract, diversion of, 1976: June, 
733-742 
infections of, 1975: Dec., 1897-1401 
surgical diversion of, in children, 1976: 
April, 425-449 


Urine, monitoring, in injured patient, 1975: 


Feb., 34-35 


VAGINECTOMY, carcinoma of colon and, 
1974: Aug., 885 
Vagotomy, gastric secretion and motility 
and, 1976: Dec., 1267-1276 
in peptic ulcer disease, 1974: June, 535- 
543; 1975: Oct., 1089-1100; 1976: 
Dec., 1292-1293, 1297-1312, 1813- 
1334, 1351, 1421-1434 
truncal, antrectomy and, 1976: Dec., 
1335-1347 
Varices, esophageal, 1974: June, 561-571; 
1975: April, 461-473; 1976: Dec., 418- 
419 
Vascular prosthesis, infection and, 1975: 
Dec., 1411-1417 
Vascular surgery, symposium on, 1974: 
Feb., 1-269 
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Vasoconstrictors, shock and, 1975: June, 
724-725 
Vasodilators, low cardiac output and, 1975: 
June, 531-544 
shock and, 1975: June, 725-726 
Vasopressin, for variceal bleeding, 1974: 
June, 562 
stimulation test, in Cushing’s syndrome, 
1974: April, 456 
Vasopressors, shock and, 1975: June, 724- 
125) 
Vastus medialis, hypoplasia of, patellar dis- 
turbance and, 1975: Feb., 199-226 
Veins, acute and chronic disorders of, 
1974: Feb., 34 
fistulae of, congenital, 1974: Feb., 165- 
174 
grafts, in femoropopliteal reconstruction, 
1974: Feb., 95-109 
intraoperative endoscopic examination of, 
1974: Feb., 111-122 
portal, occlusion of, 1974: Dec., 1250- 
1Q52) 
pulmonary, anomalous connection of, 
1976: April, 459-460 
radionuclide imaging of, 1975: June, 
731-733 
saphenous, in aortorenal bypass, 1974: 
Feb., 263-267 
in femorotibial bypass grafts, 1974: 
Feb..77-78 
splenic, occlusion of, 1974: Dec., 1252- 
1254 
thoracic outlet compression, 1974: Feb., 
155-164 
thrombosis of, plethysmography and, 
1974: Feb., 69-76 
radioisotopic diagnosis of, 1974: Feb., 
57-68 
Vena cava, inferior, cannulation of, 1975: 
Oct., 1206, 1208-1209 
ligation of, 1974: Oct., 1093, 1111 
pulmonary embolism and, 1976: Aug., 
903 
superior, cannulation of, 1975: Oct., 1208, 
1210-1211 
Venography, in thoracic outlet syndromes, 
1974: Feb., 159 
radionuclide, 1974: Feb., 61-66 
Venoscopy, intraoperative, 1974: Feb., 
111-122 
Venous pressure. See under Blood, 
pressure. 
Venous thrombosis. See under Thrombosis. 
Ventilation, assisted, 1976: Aug., 919-925 
in children, 1974: Oct., 1168 
management of, 1975: June, 591-602 
constant positive airway pressure, in 
infants, 1974: Oct., 1144-1146 
following open heart surgery, 1975: Oct., 
1235-1237 
gas exchange in, 1974: Oct., 943-945 
hyaline membrane formation and, 1976: 
Oct., 1109-1111 
in postoperative respiration, 1975: Aug., 
991-992 
intermittent positive pressure breathing, 
1975: Oct., 1238 
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Ventilation (Continued) 
mechanical, 1974: Oct., 1115-1128 
in children, 1976: April, 268-270 
positive pressure, 1975: June, 595-598; 
1974: Oct., 1125-1136 
pulmonary blood flow and, 1974: Oct., 
973 
role of surfactant in, 1974: Oct., 987-988 


Ventilation-perfusion, inequalities of, 1975: 


June, 619-621 
ratio, 1974: Oct., 948-949, 971-972, 
1037-1038 
Ventricles, function of, anesthesia and, 
1975: Aug., 760-770 
Ventricular septal defect, in newborns, 
1976: April, 455-456 
Vertebrae. See under Spine. 
Vitamins, requirements, parenteral nutri- 
tion and, 1976: Oct., 1214 
surgical patients and, 1976: Oct., 1038 
Vomiting, bilious, 1976: Dec., 1354, 1358- 
1359 


WapRM antibody syndrome, 1975: April, 
254-256 
Water, balance, 1976: Oct., 1032-1034 
intoxication, 1976: Oct., 1045-1046 
total body, 1976: Oct., 1020-1022 
potassium and, 1976: Oct., 1186-1188 
Waterston procedure, in infants, 1975: 
Feb., 96-98 
Weight. See also Body, weight. 
reduction, abdominal restructuring after, 
1975: Feb., 161-162 
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Wens, removal of, 1975: Oct., 1027 
Wermer’s syndrome, 1974: April, 388-390 
Whipple pancreaticoduodenectomy, for 
pancreatic carcinoma, 1975: April, 370- 
SD 
Wilms’ tumor, in children, 1976: April, 
518-522 
Wiskott-Aldrich syndrome, splenectomy in, 
1975: April, 271 
Wounds. See also under Trauma and 
under names of organs. 
gas in, 1975: Dec., 1289-1296, 1403- 
1410 
healing of, 1976: Aug., 859-874 
infection, incidence of, 1975: Dec., 1269- 
1275 
operating room conduct and, 1975: 
Dec., 1283-1287 
sepsis, in burn, 1975; Dec., 1264-1266 
Wrist, instability, correction of, 1976: June, 
674-678 


X-Ray. See Roentgen. 


Z-PLastTy, in head and neck surgery, 1976: 
June, 595-596 
Zollinger-Ellison syndrome, 1974: April, 
395-407; 1975: April, 303-323 
gastrin and, 1976: Dec., 1255-1256 
in children, 1974: April, 382-384 
peptic ulcer and, 1974: June, 534-535 
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Text versus Journal: 
Here are 10 ways you 
can get the best of both! 


Each of the Saunders periodicals listed below gives you the best 
features of a text and a journal— explicit, in-depth coverage and 
timeliness. Like a text, each issue presents thorough analyses of topics 
of current concer, including the most recent advances and effective 
techniques. Like a journal, you get the facts you need iong before they 
would appear in texts. The end result is a hardbound periodical full of 
useful, clinical information that you'll want to keep as a long-standing 
reference— without a jumble of ads and reviews. 


So why not treat yourself to the best? Whatever your specialty, 
Saunders periodicals will give you up-to-the-minute reports on 
developments in your field, fresh perspectives on problems, and 
immediately applicable advice. See for yourself— simply fill out and 
mail the order card below! 


Moving? Take your subscription along! 


If you're planning a move, don’t forget to notify us so we can make 
sure that your subscription will continue uninterrupted. Simply fill in 

the appropriate portion of the card and drop it in the mail. Please allow 
one month for processing address changes. Thank you. 


Canadian subscribers: Please send your order cards to 
W.B. Saunders Company, 833 Oxford Street, Toronto, Ontario M8Z 5T9 


Prices subject to change. Detach and 


Beginning with the current issue, start my subscription to: 


L] The Dental Clinics of North America: Published quarterly. $20.00 per year. 

L] Human Pathology: A soft-cover journal. Published bi-monthly. $28.50 per year. 
Reduced rate for students, interns and residents, (first year subscription only) $23.50. 
L] The Medical Clinics of North America: Published bi-monthly. $27.00 per year. 
LU) The Nursing Clinics of North America: Published quarterly. $17.50 per year. 

L] The Orthopedic Clinics of North America: Published quarterly. $30.00 per year. 
CO The Pediatric Clinics of North America: Published quarterly. $21.00 per year. 
Plastic Surgery Clinics: Published quarterly. $50.00 per year. 

L] Primary Care: Published quarterly. $23.00 per year. 

|] The Surgical Clinics of North America: Published bi-monthly. $27.00 per year. 
The Veterinary Clinics of North America: Published quarterly. $29.50 per year. 
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